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1.0 INTRODUCTION 

This Corrective Action Plan (CAP) for Underground Storage Tank (UST) Site 43402, Marine 
Corps Base (MCB) Camp Pendleton, California (Figure 1-1), was revised by SES-TECH, a joint 
venture between Sealaska Environmental Services LLC and Tetra Tech EC, Inc. (formerly Tetra 
Tech FW, Inc.), pursuant to a request by the California Regional Water Quality Control Board, 
San Diego Region (RWQCB) in a letter dated February 1, 2005 (reference: SMC: 50-
3592.05:peurp). The original CAP was prepared by Tetra Tech FW, Inc. and the RWQCB 
requested the CAP focus more on the soil impacts reported in the saturated zone. Besides 
including more discussion on the soil impacts below the water table, this revised CAP includes 
the results of long-term bioventing of vadose zone soils, results of additional groundwater 
sampling completed in 2004 and 2005, and the results of soil confirmation sampling completed 
to evaluate the progress of the biovent system. This CAP was revised under the Naval Facilities 
Engineering Command, Southwest (NAVFAC SW) Contract No. N68711-04-D-1104, Contract 
Task Order No. 0004.  

1.1 SITE IDENTIFICATION 

The following list summarizes site identification data: 

Site Address: Building 43402, 43 Area  
MCB Camp Pendleton, CA  92055 

Facility Name: Mess Hall 

RWQCB Case No.: 9UT3592 

County of San Diego Department of 
Environmental Health (DEH) Case 
No.: 

H05939-059 

Property Owner and Responsible 
Party: 

United States Marine Corps 

MCB Camp Pendleton Contact: Mr. Chet Storrs, Remediation Branch Manager 
Assistant Chief of Staff, Environmental Security 
Building 22165 
MCB Camp Pendleton, CA  92055-5008 
(760) 725-9774 

Remedial Project Manager: Mr. Bipin Patel 
NAVFAC SW 
1220 Pacific Highway 
San Diego, CA  92132-5181 
(619) 532-4814 
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1.2 OBJECTIVES 

The primary objectives of this CAP are as follows: 

• Summarize the site history and assess the impacts of contamination detected in soil 
and groundwater. 

• Identify and evaluate relevant potential corrective action alternatives. 

• Provide a recommendation regarding the most appropriate corrective action alternative 
for the site. 

• Meet the requirements of the California RWQCB and the San Diego County DEH 
Land and Water Quality Division for the submittal of a CAP. 

UST Site 43402 is regulated under the California State Water Resources Control Board Leaking 
Underground Fuel Tank program as administered by the RWQCB, San Diego Region. The 
document guiding the assessment, remediation, and closure process for the site is the San Diego 
County Site Assessment and Mitigation Manual 2005 (DEH, 2005). 

The overall purpose of this CAP is to identify and evaluate remedial alternatives for effectively 
and appropriately addressing contamination at UST Site 43402 and to provide a recommendation 
regarding corrective action at the site. This CAP contains seven sections, including this 
introduction as Section 1.0. Section 2.0 includes a description of the site and a summary of 
previous site activities. Section 3.0 includes an assessment of current soil and groundwater 
impacts, and Section 4.0 proposes site cleanup goals. Section 5.0 develops a list of alternatives 
that are appropriate for the site and presents evaluations on their effectiveness, implementability, 
and cost. A recommendation on the most preferred alternative is included in Section 6.0, and a 
list of references used to prepare this CAP is included in Section 7.0. 
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2.0 SITE DESCRIPTION AND HISTORY 

The following sections provide a brief description of the site and a summary of previous activities. 

2.1 SITE DESCRIPTION  

Site 43402 is located on C Street, in the 43 Area of MCB Camp Pendleton (Figure 1-2). Building 
43402 is a mess hall and once contained a 6,000-gallon single-walled steel UST used to store 
diesel fuel for heating. The former UST was located behind Building 43402 in a relatively flat, 
asphalt and concrete-paved area adjacent to a loading dock. 

2.2 EXPLORATORY DRILLING 

Between November 1991 and February 1992, two soil borings were drilled and three groundwater 
monitoring wells were installed at the site [International Technology Corporation (IT), 1993]. The 
soil borings and monitoring wells were sampled up to 35 feet below ground surface (bgs). 
Analytical results from soil samples indicated that total petroleum hydrocarbons quantified as 
diesel (TPH-d), and total recoverable petroleum hydrocarbons were present in soil near the tank 
cavity extending down from approximately 15 feet bgs to the groundwater table at approximately 
30 feet bgs. Results from groundwater samples collected from the monitoring wells indicated that 
TPH-d and volatile organic compounds (VOCs) including benzene, toluene, ethylbenzene and total 
xylenes (BTEX), were not present in the groundwater. However, based on comments by the 
RWQCB, the sample data from these wells were considered inconclusive because the screened 
intervals of the wells were below the water table. Consequently, all three groundwater monitoring 
wells were destroyed in 1997 (Brown and Caldwell, 1999). Figure 2-1 presents the analytical 
results and locations of the soil borings and groundwater monitoring wells. 

2.3 TANK REMOVAL 

In March 1992, the UST and ancillary piping were removed from the site (IT, 1993). Soil 
discoloration, free product on the water table, and odors were noted in the excavation. Soil 
samples were not collected during the tank removal. 

2.4 SITE ASSESSMENT 

In August 1998, a Site Assessment was conducted to further evaluate the horizontal and vertical 
extent of hydrocarbons in the soil and groundwater (Brown and Caldwell, 1999). Twenty-six soil 
borings (B1 to B26) were drilled and sampled to a maximum depth of approximately 50 feet bgs. 
Four of the soil borings were converted to groundwater monitoring wells (MW1 to MW4). 
Locations of the soil borings and groundwater monitoring wells are shown on Figure 2-2. 
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Soil samples were analyzed for total petroleum hydrocarbons quantified as gasoline (TPH-g), 
TPH-d, BTEX, and polynuclear aromatic hydrocarbons (PAHs). Laboratory results showed that 
TPH-d was detected in 14 of the borings, and BTEX was detected in boring B1, located in the 
former tank cavity, and in boring B4, located approximately 30 feet southeast of the former tank 
cavity. The most contaminated boring was B1, located in the former tank cavity, which had 
TPH-d contamination down to 35 feet bgs at levels up to 27,471 milligrams per kilogram 
(mg/kg) (at 15 feet bgs). TPH-d contamination in boring B1 extended approximately 7 feet 
below the water table up to a maximum of 15,327 mg/kg. In addition, naphthalene and 
phenanthrene, both PAHs, were detected in boring B1, and phenanthrene was detected in boring 
B4. TPH-g was not detected in any of the samples (Brown and Caldwell, 1999). TPH-g and 
TPH-d results are shown on Figure 2-2, and all other soil sample results are summarized on 
Table 2-1. 

During the site assessment, 34 HydroPunch®, temporary well, and monitoring well groundwater 
samples were collected and analyzed for various organic constituents. TPH-d, ethylbenzene, 
xylenes, and various PAHs were detected in groundwater. The highest concentration of TPH-d 
detected in groundwater was 640 milligrams per liter (mg/L) in boring B7, located approximately 
50 feet downgradient from the former UST (Brown and Caldwell, 1999). A hydrocarbon sheen 
was reported in B1, located within the tank cavity, and a groundwater contaminant plume was 
shown to extend approximately 550 feet downgradient of the tank cavity. Groundwater sample 
results are shown on Figure 2-3, and summarized on Table 2-2.  

Overall, results from the site assessment indicated that diesel had migrated from the former tank 
downward to depths between approximately 25 to 35 feet bgs, where, upon encountering a 
relatively low-permeability soil layer, migrated laterally downgradient from the tank cavity 
approximately 550 feet to the south. The data suggest that after the diesel contamination 
migrated laterally, the groundwater table rose to levels above the low-permeability layer. 
Groundwater samples subsequently collected during the site assessment from approximately 17 
feet bgs contained TPH-d, VOCs, and PAHs, suggesting the contaminants that migrated laterally 
along the less permeable layer were mobilized with the rising water table (Brown and Caldwell, 
1999). Figure 2-4 is a cross section showing the location of impacted soil, the low-permeability 
layer, and groundwater levels during the 1998 site assessment. 

2.5 ADDITIONAL WELL INSTALLATION 

In November 2000, four additional groundwater monitoring wells were installed at the site to 
enhance the groundwater monitoring well network [Foster Wheeler Environmental Corporation 
(FWENC), 2001a]. One well, MW5, was installed adjacent to the former tank cavity where the 
highest levels of soil contamination were previously reported. Monitoring wells MW6, MW7, 
and MW8 were installed to the south-southeast, downgradient of the former tank cavity. 
Locations of the additional monitoring wells are included on Figure 2-5.  
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As part of the well installation activities, soil samples were collected from MW5, located 
adjacent to the former tank cavity, and analyzed for both geotechnical and biological parameters 
for evaluation of potential in situ remedial alternatives. Table 2-3 summarizes physical parameter 
results, and Table 2-4 summarizes biological parameter results. Results indicate that the soils 
above the water table have an intrinsic permeability greater than 10-10 centimeters squared, which 
is considered optimal for in situ remediation [U.S. Environmental Protection Agency (EPA), 
1995] and that the total heterotrophic plate count is greater than 10+3 colony forming units per 
gram, which is also considered optimal for in situ remediation (EPA, 1995). 

In January 2001, the four new wells were sampled for the first time. Figure 2-5 shows the 
approximate extent of TPH-d-impacted water above the TPH-d Water Quality Objective (WQO) 
as extending to the south-southeast approximately 400 feet (FWENC, 2001b). The length of the 
groundwater contaminant plume was significantly shorter than that reported during the 1998 site 
investigation (550 feet) (Figure 2-3). 

2.6 SOIL EXCAVATION 

Between July 26 and July 31, 2001, TPH-d-impacted soil was excavated from the former tank 
cavity (FWENC, 2001b). Approximately 455 cubic yards of soil were excavated. The horizontal 
extent of the excavation was approximately 25 feet by 20 feet and the vertical extent of the 
excavation was 26 feet bgs, except for a small area along the east sidewall where part of the 
former concrete tank slab had to be left in place at 12 feet bgs due to the presence of nearby 
underground utilities. The horizontal extent of the excavation was limited due to the presence of 
nearby underground utilities and Building 43402. The groundwater table was encountered at 
approximately 26 feet bgs. 

Confirmation soil samples were collected from the excavation sidewalls and analyzed for Synthetic 
Precipitation Leaching Procedure (SPLP)/TPH-d. Analytical results and field instruments indicated 
that, down to approximately 12 feet bgs, none of the sidewalls were impacted. However, below the 
former tank pad (approximately 12 feet bgs), leachable TPH-d above the secondary taste and odor 
WQO for diesel (0.1 mg/L) was present. The range of leachable TPH-d below 12 feet was between 
0.22 mg/L (collected at 22 feet bgs along the west sidewall) and 1.6 mg/L (collected at 17 feet bgs 
along the south sidewall). Results of the confirmation sampling are summarized on Figure 2-6. 

In addition to successfully removing a majority of the diesel-impacted soil from the former tank 
cavity area, approximately 600 pounds of Oxygen Release Compound (ORC®) (manufactured by 
Regenesis Bioremediation Products, Inc.) was added to the top of the saturated zone at 
approximately 26 feet bgs. Because ORC supplies oxygen to groundwater, its use was intended 
to enhance natural biological degradation of contaminants present in groundwater beneath the 
former tank cavity. 
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The excavation was backfilled to grade with a 2-sack cement per yard of sand slurry conforming 
to project compaction requirements. The ground surface was subsequently repaved and restored 
to its original condition. 

2.7 GROUNDWATER MONITORING PROGRAM 

After the additional groundwater monitoring wells were installed at the site in November 2000 (see 
Section 2.5), a long-term groundwater monitoring program began. Groundwater samples were 
collected quarterly from all wells in 2001 (FWENC, 2001a; 2001c; 2001d; 2001e), semiannually in 
2002, 2003, and 2004 (FWENC, 2002a; 2002b; 2003) (TtFW, 2003; 2004a; 2004b), and during the 
first quarter of 2005 (TtFW, 2005a). At the beginning of the monitoring program, all samples were 
analyzed for TPH-d, BTEX, methyl tert-butyl ether (MTBE), and PAHs. Subsequent samples 
were analyzed for TPH-d and BTEX, except for the October 2002 event, when samples from 
wells impacted with TPH-d were again analyzed for PAHs. 

Analytical results from the four-year groundwater monitoring program are summarized on 
Table 2-2, and the results of the most recent groundwater sampling event are shown on 
Figure 2-7. During the monitoring program, low levels of TPH-d, BTEX, and very low levels of 
a few PAHs were reported. Overall, the levels of groundwater contamination have decreased 
with time. Since the beginning of sampling in January 2001, to the most recent event in January 
2005, the levels of TPH-d contamination in all impacted wells has decreased. TPH-d in MW5 
has decreased from 7.2 mg/L to 0.5 mg/L, in MW7 it has decreased from 1.8 mg/L to 0.2 mg/L, 
and in MW8 it has decreased from 1.3 mg/L to 0.4 mg/L (Table 2-2).  

During the most recent event (January 2005) TPH-d contamination extended downgradient to 
well MW8 (TPH-d at 0.4 mg/L), located approximately 200 feet from the former tank cavity. 
Contaminants detected in the well located adjacent to the former tank cavity (MW5) during the 
January 2005 event included TPH-d at 0.5 mg/L, and BTEX at 0.4 micrograms per liter (μg/L), 
0.6 μg/L, 2.0 μg/L, and 3.0 μg/L, respectively.  

During the multi-year sampling program, groundwater consistently flowed towards the south 
with a range of gradients between 0.012 and 0.020 feet per foot. Historical groundwater 
elevations are included as Table 2-5 and a groundwater elevation contour map from the most 
recent monitoring event is included as Figure 2-7. 

As well as analyzing for contaminants of concern, samples were also analyzed for parameters to 
evaluate natural attenuation. Laboratory analysis for nitrate and sulfate, along with field 
measurements of dissolved oxygen (DO) and the oxidation/reduction potential (ORP) were 
performed. Moreover, iron (II) analyses were performed in the field using a kit specifically 
designed for this purpose. The historical analytical results and field measurements for the 
evaluation of natural attenuation parameters are summarized in Table 2-6. 
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The primary contaminant of concern at the site is TPH-d, which is subject to degradation via 
biological oxidation. The rate of this process is strongly influenced by the availability of electron 
acceptors such as DO, nitrate, iron (III), and sulfate.  

DO and ORP data, in general, indicate anoxic conditions in monitoring wells containing 
hydrocarbon constituents (MW5, MW7, and MW8) relative to those which do not contain 
hydrocarbons (MW1, MW3, and MW6) (Table 2-6). These data suggest that biodegradation is 
occurring where TPH-d is present which is consuming available oxygen.  

Further evidence of oxygen depletion and likely hydrocarbon degradation is observed in 
decreased nitrate levels and the detection of iron (II) [the product of iron (III) reduction] in 
samples from wells containing hydrocarbons (MW5, MW7, and MW8) relative to those where 
hydrocarbons are not detected (Table 2-6). This also suggests that biological oxidation of 
hydrocarbon constituents is occurring at this site.  

Overall, the observed significant decrease in the length of the contaminant plume since sampling 
began in 1998 (from approximately 550 feet to 200 feet), the overall decreasing levels of 
contaminants with time (Table 2-2), along with decreased ORP, depletion of DO and nitrate, and 
the presence of iron (II) in samples from wells where TPH-d is present relative to those wells 
where TPH-d is not present (Table 2-6), strongly suggest that natural attenuation, including 
biological oxidation of TPH-d, is occurring at this site. 

2.8 BIOVENT PILOT TEST 

In September 2003, a biovent pilot test began at Site 43402 to evaluate the feasibility of using 
bioventing as a potential remediation technology for TPH-d remaining in the vadose zone after 
the soil excavation. Due to the presence of impacted soils below groundwater, the potential use 
of biosparging was also tested. A complete summary of the test and test results is included as 
Appendix A. The primary objectives of the test were to: 

• Estimate the bioventing radius of influence  

• Evaluate the potential effectiveness of biosparging  

• Estimate biological respiration rates in the subsurface via oxygen/carbon dioxide 
measurement 

• Obtain design parameters for potential full-scale implementation 

• Evaluate the potential benefit of vapor-phase fertilization of the subsurface to enhance 
bioventing 

The pilot test used two multi-screened wells for air injection (BV-1 and BV-2) and four multi-
screened wells for observation (BV-3 through BV-6) specifically installed for the test. 
Observation wells BV-4 to BV-6 were installed to enhance the monitoring network in April 2004 
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after the test had progressed for some time. Locations of the wells are shown on Figure 2-8. The 
injection wells (BV-1 and BV-2) were located near groundwater monitoring well MW5, 
immediately to the east of the former tank cavity, and the other wells used for observation were 
located around the injection wells (Figure 2-8). Wells BV-1 to BV-3 consisted of 2-inch-
diameter Schedule 40 polyvinyl chloride (PVC) casing in a double-nested configuration with 
screened intervals at approximately 20 and 28 feet bgs. A screen slot size of 0.010 inches was 
used. In addition, each well contained two ½-inch-diameter Schedule 40 PVC vapor-monitoring 
probes with screens at approximately 10 feet bgs and 15 feet bgs. Wells BV-4 to BV-6 each 
consisted of 2-inch-diameter PVC casing in a double-nested configuration with screened 
intervals at approximately 15 and 20 feet bgs.  

The injection wells were connected via aboveground piping to a 5-horsepower positive-
displacement blower with 1-inch-diameter carbon steel piping. The test equipment and piping 
were adequately barricaded and marked to discourage tampering. 

To evaluate the potential effectiveness of biosparging, a biosparge test was conducted consisting 
of simultaneous air injection into wells BV-1 and BV-2 to determine if oxygenation of the 
surrounding groundwater could be achieved. The amount of groundwater in each well was 
approximately 2 to 3 feet. Helium gas was bled into the air injection stream for use as a tracer. 
Monitoring of groundwater DO levels and helium in observation well BV-3, and pressure 
monitoring and respiratory gas (oxygen and carbon dioxide) monitoring were conducted. The 
duration of the sparge test was approximately 7 days. The biosparging monitoring data indicated 
that the groundwater in the vicinity could not be effectively oxygenated. The DO level at MW-5, 
located approximately 4 feet away from BV-1, did not increase during the test (Appendix A). 

A two-part, short-term bioventing test was then conducted. For the first part of the test, air was 
injected into both BV-1 and BV-2 individually at 5 standard cubic feet per minute (scfm) for 
several hours to calculate pressure-based radii of influence. For the second part of the test, air 
was injected at 6 scfm simultaneously into both BV-1 and BV-2 for a 10-day period. During the 
testing period, oxygen, carbon dioxide, and VOC levels were measured at the other biovent wells 
and at nearby groundwater monitoring wells. Results indicated that the biovent radii of influence 
was 42 feet for BV-1 and 38 feet for BV-2 (Appendix A).  

After the short-term tests, a 4-month extended bioventing test was conducted. The test 
parameters were similar to the short-term test – simultaneous injection into BV-1 and BV-2 at 
6 scfm; however, air was injected on a pulsed basis. The pulsing scheduling was 7 days of air 
injection, followed by 4 days of system inactivation. Carbon dioxide production rates and 
oxygen utilization rates for each pulsing cycle at each well (BV-1, BV-2, BV-3, MW-5) were 
calculated. Data on the carbon dioxide production showed a general decrease in carbon dioxide 
production rates with time for all wells monitored. Similarly, data on the oxygen utilization 
showed a general decrease in oxygen utilization rates with time for all wells monitored. 
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These trends were interpreted to indicate one of two things: 

• Either, carbon dioxide production rates and oxygen utilization rates were decreasing 
due to declining concentrations of diesel; or 

• Carbon dioxide production rates and oxygen utilization rates were decreasing due to 
declining concentrations of available nutrients, namely, nitrogen. 

Stoichiometric calculations suggested that the lack of available nutrients in the subsurface was 
very likely the primary cause. Therefore, a nutrient addition pilot test was conducted to evaluate 
the efficiency of adding nutrients to the vadose zone. Nitrogen, essential for cell building, and 
phosphorus, also necessary for cell building but in lower quantities, were delivered to the vadose 
zone through gaseous injection of nitrous oxide and triethyl phosphate (TEP) (Appendix A). The 
nutrients were injected into the vadose zone with the air stream during two 7-day injection, and 
4-day off cycles. New wells BV-4, BV-5 and BV-6 were installed immediately prior to the 
beginning of this test and were used to monitor results. Results indicated that nitrous oxide could 
be effectively distributed to all monitoring probes (and areas of impacted soil at the former tank 
cavity), and oxygen and TEP could be effectively delivered to all probes except BV-4, located 
between the former tank cavity and Building 43402. During drilling of BV-4, the soils 
encountered contained more clayey material (plastic fines), suggesting they are less permeable. 
Results of the pilot test indicated that full-scale implementation of bioventing, with nutrient 
addition, would be successful (Appendix A). However, to effectively biovent the entire area of 
impacted soil around the former tank cavity, injection would be required in BV-4, as well as 
BV-1 and BV-2. 

2.9 BIOVENT SYSTEM OPERATION 

After the pilot test was completed, bioventing began at the site to enhance the bioremediation of 
TPH-d remaining in the vadose zone around the former tank cavity. Bioventing continued for 12 
months, from July 2004 through June 2005. The biovent system previously installed for the pilot 
test was used, and, based on results from the pilot test, piping was extended to BV-4 so it could 
be used as an injection well along with BV-1 and BV-2. The addition of nutrients to the 
subsurface (nitrogen and phosphorus), as tested during the pilot test, was continued. The location 
of the biovent wells and associated piping is shown in Figure 2-8.  

The system was scheduled to operate in a pulsed mode that consisted of 7 days of air and nutrient 
injection, followed by 7 days of system shutdown. Site visits were conducted weekly to operate 
and maintain the system.  

The operating parameters used during injection were as follows: 

• Total air flow into the 3 injection wells: 10 scfm 

• Air injection pressure: < 1 pounds per square inch  
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• Nitrous oxide injection concentration: 500 parts per million. The TEP concentration in 
the air stream could not be practically measured because no field instruments for 
detection of TEP are commercially available. 

The injection wells and observation wells were scheduled to be measured for oxygen, carbon 
dioxide, and nitrous oxide weekly, and gas measurements were scheduled to be collected prior to 
and at the conclusion of each 7-day injection pulse. Nitrous oxide canisters were replaced and the 
TEP vessel was refilled as necessary. A summary of the data collected during the operation and 
maintenance of the biovent system is shown in Table 2-7. 

Performance of the system was assessed using data collected during the pulse shutdowns. Gas 
concentration trends during shutdowns can indicate if biological respiration is proceeding. In 
general, as respiration proceeds and biomass grows, oxygen concentrations will decrease; nitrous 
oxide concentrations will decrease; and carbon dioxide concentrations will increase. 

Gas concentration data collected during pulsed shutdowns showed the following trends: 

• At injection well BV-4, oxygen, carbon dioxide, and nitrous oxide concentrations 
trended as expected; oxygen and nitrous oxide consumption, coupled with carbon 
dioxide production, was observed. BV-4 was screened in soils containing the highest 
concentration of TPH-d contamination encountered at the site. Typically, in the most 
highly diesel-contaminated soils, nitrogen can be rate limiting to biological processes. 
Therefore, the high utilization of nitrous oxide observed at BV-4 from the start of the 
operation is expected (see Figure 2-9 for graphical results of the gas data). 

• At injection well BV-1, oxygen and carbon dioxide concentrations trended as 
expected. However, nitrous oxide concentrations showed no appreciable decreases 
during the shutdowns in the early part of the system operation. Nitrous oxide 
consumption was, however, observed in the middle part of the system operation. BV-1 
was screened in soils containing relatively moderate amounts of TPH-d contamination. 
It is possible that in the early part of operation, nitrogen demand was not extensive, 
and naturally occurring nitrogen was sufficient for biomass synthesis, and later, when 
nitrogen in the soil was tied up or exhausted, nitrous oxide then served as the nitrogen 
source (see Figure 2-9 for graphical results of the gas data). 

• At injection well BV-2, oxygen and carbon dioxide concentrations trended as 
expected. However, nitrous oxide concentrations did not show any appreciable 
decrease throughout system operation. BV-2 was screened in soils that contained 
relatively low levels of TPH-d contamination and, therefore, it is possible that in these 
soils, naturally occurring nitrogen was present in sufficient quantities to support 
biomass growth for the duration of operation (see Figure 2-9 for graphical results of 
the gas data). 

• At observation wells MW-5 and BV-3, gas concentrations showed the same basic 
trends as BV-1. Observation wells MW-5 and BV-3 are located approximately 5 feet 
and 17 feet, respectively, from injection well BV-1, and thus, the similarity in trends 
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among these three wells is not considered unusual (see Figure 2-10 for graphical 
results of the gas data). 

In general, the gas concentration data collected during the operation of the biovent system 
indicated that the system was performing as expected, and biodegradation of TPH-d 
contamination in the vadose zone was enhanced. 

2.10 VERIFICATION SOIL SAMPLING 

On July 6, 2005, after the bioventing system had been turned off, verification soil samples were 
collected from three areas around the former tank cavity that had previously been sampled to 
compare results and evaluate the effectiveness of bioventing. The verification borings were 
located immediately adjacent to previous borings, and one sample was collected from each 
boring at the same depth as previous soil samples in accordance with a site-specific Work Plan 
(TtFW, 2005b).  

After obtaining the appropriate permit, and following utility clearance and Base notification, 
three verification soil borings (VSB-1, VSB-2, and VSB-3) were advanced with a direct-push 
rig. The locations of the borings are shown on Figure 2-11. VSB-1 and VSB-2 were located 
adjacent to biovent injection well BV-4 and biovent observation well BV-6, respectively, and 
VSB-3 was located adjacent to boring B-4, which was drilled during the 1998 Site Assessment. 
A copy of the boring permit is included in Appendix C. Following sample collection, each 
boring was backfilled with a bentonite slurry, and the ground surface was restored to original 
conditions. 

Soil samples were collected from each boring at depths where previous sampling encountered 
the highest levels of diesel contamination. Samples were collected between 20 and 21 feet bgs in 
VSB-1, between 22 and 23 feet bgs in VSB-2, and between 19 and 20 feet bgs in VSB-3. Each 
soil sample was analyzed for TPH-d, SPLP/TPH-d, VOCs (including BTEX, MTBE, and other 
fuel oxygenates), SPLP/VOCs, PAHs, and SPLP/PAHs. In addition, each sample was also 
analyzed for hydrocarbon-oxidizing microbial population and general nutrient status 
(ammonium-nitrogen, nitrate-nitrogen, and orthophosphate as phosphorous).  

Results indicated that TPH-d contaminant levels were significantly reduced compared to 
historical results in each area sampled. A comparison of contaminant results from the July 2005 
verification samples and contaminant results from historical sampling at the same location are 
summarized on Table 2-8 and Figure 2-11, and a comparison of results from recent and historical 
biological parameter analyses are summarized on Table 2-9. Laboratory analytical reports and 
chain-of-custody forms are included in Appendix C.  

To the north of the former tank cavity TPH-d was reduced from 28,000 mg/kg detected in 
biovent injection well BV-4 in April 2004, to 3,700 mg/kg in VSB-1 (a reduction of 
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approximately 87 percent). To the southeast of the former tank cavity TPH-d was reduced from 
6,700 mg/kg detected in biovent observation well BV-6 in April 2004, to 760 mg/kg detected in 
VSB-2 (a reduction of approximately 89 percent). And to the east of the former tank cavity TPH-
d was reduced from 8,606 mg/kg detected in Site Assessment boring B-4 in August 1998 (mobile 
laboratory), to an estimated 12 mg/kg detected in VSB-3 (a reduction of over 99 percent). 

Results from the bioparameter analyses on the verification soil samples (hydrocarbon oxidizing 
microbial population and nutrients) (Table 2-9) are typical for sites that have been biovented 
with nutrient addition. The data indicate that hydrocarbon-oxidizing microbial populations 
increased in the soil compared to results from soil samples collected before bioventing began 
(Table 2-9). In addition, the concentrations of both nitrate-nitrogen as ammonium-nitrogen in 
soil decreased, indicating biodegradation occurred. However, the orthophosphate-phosphorous 
concentrations increased in soil during the period of bioventing. Although phosphorus is 
generally consumed during biodegradation, because only relatively small amounts of phosphorus 
are required for biomass synthesis (typically, the soil contains sufficient phosphorus), the rate of 
TEP injection apparently exceeded the rate of phosphate utilization, resulting in increased 
concentrations of orthophosphate-phosphorus in soil. 

Overall, verification soil sampling results indicated that the bioventing and nutrient addition 
completed from July 2004 to June 2005 around the former tank cavity was very successful in 
enhancing the biodegradation of TPH-d in the vadose zone.  
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3.0 ASSESSMENT OF IMPACTS 

This section presents information regarding the nature and extent of contamination, site 
hydrogeology, and an evaluation of potential impacts to nearby resources. 

3.1 NATURE AND EXTENT OF CONTAMINATION 

Data from previous investigations and remedial activities completed at Site 43402 can be used to 
delineate the current nature and extent of petroleum hydrocarbons in both soil and groundwater. 
A description of these impacts is summarized in the following sections. 

3.1.1 Soil 

Site assessment data (Brown and Caldwell, 1999) identified soil impacted with diesel constituents 
extending from near the base of the former tank (approximately 12 feet bgs) down to 
approximately 35 feet bgs, with an approximate 5-foot-thick contaminated layer between 
approximately 25 to 30 feet bgs extending along a less permeable silt-rich layer to the south 
approximately 550 feet. Figure 2-4 is Cross Section A to A’ from the site assessment report which 
shows the extent of the impacted soil identified during the 1998 site assessment. Since TPH-d is 
less dense than water, and the water table was at approximately 17 feet bgs during the 1998 site 
assessment, the water table must have been significantly lower when the tank originally leaked. 

During soil excavation activities completed in 2001, approximately 455 cubic yards of soil were 
removed from the former tank cavity. The excavation extended vertically to the top of 
groundwater (26 feet bgs), and was limited horizontally due to nearby underground utilities and 
Building 43402 (FWENC, 2001b). Laboratory results of confirmation samples indicated TPH-d-
impacted soil remained along the sidewalls below approximately 12 feet bgs. To remediate 
remaining impacted vadose zone soil, bioventing and nutrient addition was performed around the 
former tank cavity for 12 months between July 2004 and June 2005. Verification soil samples 
were subsequently collected in July 2005 from areas around the former tank cavity that had 
previously been sampled to compare results and evaluate the effectiveness of bioventing. 
Verification soil sample results indicated the bioventing was very successful, reducing TPH-d 
concentrations in the vadose zone an average of over 90 percent. In the three areas sampled, 
maximum TPH-d concentrations were reduced from 28,000 mg/kg to 3,700 mg/kg, from 6,700 
mg/kg to 760 mg/kg, and from 8,606 mg/kg to an estimated 12 mg/kg. 

3.1.2 Groundwater Contamination 

Analytical data collected during the most recent groundwater sampling event (January 2005) 
indicated that TPH-d was present in well MW5, located adjacent to the former tank cavity, at 0.5 
mg/L. TPH-d was also present in groundwater in monitoring wells MW7 and MW8, extending 
downgradient from the former tank cavity up to approximately 200 feet, at 0.2 and 0.4 mg/L, 
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respectively. BTEX constituents were also detected in groundwater, but in trace to very low 
levels (Table 2-2, Figure 2-7).  

In an effort to evaluate the time required for TPH-d to decrease below its secondary taste and odor 
WQO of 0.1 mg/L, modeling was completed using the EPA’s BIOSCREEN Natural Attenuation 
Decision Support System model. BIOSCREEN is an analytical model that simulates remediation 
through natural attenuation of dissolved hydrocarbons at petroleum fuel release sites. Details of 
the model, the input parameters used, and final results are included as Appendix B. The most 
current and highest groundwater result for TPH-d at the site (0.5 mg/L, January 2005) was used as 
the starting concentration input for the model. In addition, site-specific results for hydraulic 
conductivity, hydraulic gradient, bulk density, and other parameters used to evaluate natural 
attenuation (DO, nitrate, sulfate, and so forth) were used in the model. 

Using BIOSCREEN (Appendix B), and assuming 0.5 mg/L TPH-d is present at the former tank 
cavity area, results indicated that TPH-d will naturally attenuate to levels below its secondary 
taste and odor WQO of 0.1 mg/L within approximately 7 years, and not migrate more than 50 
feet downgradient of the former tank cavity (Appendix B).  

3.2 GEOLOGY AND HYDROGEOLOGY 

The geology at the site has been mapped as Quaternary Younger Alluvium overlying the La Jolla 
Group (Moyle, 1973). The alluvium typically consists of gravel, sand, silt, and clay. The 
lithologies encountered during subsurface activities at the site consist primarily of poorly and 
well-graded sand, silty sand, silt, and clay to depths of approximately 50 feet bgs. Boring logs 
from Site 43402 generally show silt and silty sand extending from the ground surface to 
approximately 17 feet bgs, a poorly graded sand to silty sand from 17 feet to approximately 26 
feet bgs, and a sandy silt to clay below 26 feet bgs. 

The site is relatively flat and is predominantly covered by asphalt and concrete. Runoff either 
percolates into the subsurface in open grass and landscaped areas or flows into nearby storm drains. 
According to the Water Quality Control Plan for the San Diego Basin (RWQCB, 1994), the site 
is located in the San Juan Hydrologic Unit, which is in the Las Pulgas Hydrologic Subarea of the 
San Onofre Hydrologic Area. Groundwater within this hydrologic subarea has designated 
beneficial uses of municipal and agricultural supplies; however, the nearest supply well (10/5 
18E2) is located over 3 miles from the site. 

Groundwater at the site, as measured during the most recent sampling event completed in 
January 2005, was encountered between approximately 24 to 26 feet bgs and was flowing to the 
south with an approximate gradient of 0.02 feet per foot. 
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3.3 EVALUATION OF POTENTIAL IMPACTS  

Groundwater at Camp Pendleton has designated municipal/domestic use. To assess the potential 
Site 43402 may have to impact groundwater and other nearby resources, the site will be 
evaluated with criteria related to the effectiveness of the contaminant source removal, site 
characterization, stability of the groundwater plume, identification of potential nearby sensitive 
receptors, and whether the site poses a significant risk to human health or the environment. The 
criteria are presented below, along with applicable information from the site. 

1. The leak has been stopped, and ongoing sources have been removed or remediated to the 
extent practicable. 

• The former leaking underground diesel storage tank and the associated piping were 
removed from the site in 1992 (IT, 1993) (Section 2.3). 

• A hydrocarbon sheen was observed on groundwater in the former tank cavity area 
during site assessment activities completed in 1998 (Brown and Caldwell, 1999) 
(Section 2.4). However, prior to the multi-year groundwater monitoring program that 
began in January 2001, four new groundwater monitoring wells were installed, one 
adjacent to the former tank cavity, and the sheen that was reported on groundwater in 
1998 was not observed. 

• In 2001, approximately 455 cubic yards of hydrocarbon-impacted soil were excavated 
from the site (FWENC, 2001b) (Section 2.6). The excavation extended vertically to 
groundwater, and was limited horizontally due to the presence of underground utilities 
and Building 43402. Impacted soil was still present along the sidewalls of the 
excavation below 12 feet. 

• To remediate remaining impacted vadose zone soil, bioventing and nutrient addition 
was performed around the former tank cavity for 12 months between July 2004 and 
June 2005. After the bioventing, verification soil samples were collected from areas 
around the former tank cavity that had previously been sampled to compare results and 
evaluate the effectiveness of the bioventing. Verification soil sample results indicated 
the bioventing was very successful, reducing TPH-d concentrations in the vadose zone 
an average of over 90 percent.  

2. The site has been adequately characterized. 

• A site assessment was completed in 1998. Twenty-six borings were drilled, and soil 
samples were collected for analysis from each boring (Brown and Caldwell, 1999) 
(Section 2.4). In addition, groundwater samples were collected from 25 of the borings, 
and four of the borings were later converted to permanent groundwater monitoring 
wells. 

• Additional Site Characterization activities were completed to determine the lateral 
extent of hydrocarbon-impacted soil and to install four new groundwater monitoring 
wells (MW5 to MW8) in order to enhance the monitoring well network (FWENC, 
2001a) (Section 2.5). 
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• Soil excavation activities were completed to remove as much hydrocarbon-impacted 
soil as practical (FWENC, 2001b) (Section 2.6). The excavation extended vertically to 
groundwater and horizontally until the excavation could not proceed due to the 
presence of underground utility lines and Building 43402. 

• A 4-year groundwater monitoring program was completed at the site between 2001 
and 2005 (Section 2.7). In 2001 all wells were sampled quarterly, and with semiannual 
sampling beginning in 2002. 

• Based on the above listed drilling, sampling, and soil excavation activities, it is 
believed soil and groundwater impacts at the site have been adequately characterized. 

3. The dissolved hydrocarbon plume is not migrating. 

• During the recently completed 4-year groundwater monitoring program (January 2001 
to January 2005), relatively low levels of TPH-d were detected in groundwater from 
wells located up to approximately 200 feet downgradient of the former UST. The 
maximum level of TPH-d detected during the most recent groundwater sampling event 
completed in January 2005 was 0.5 mg/L. The contaminant plume has significantly 
decreased in size since site investigation activities were completed in 1998 (from an 
estimated 550 feet to an estimated 200 feet) with contaminant levels decreasing overall 
during the 4-year groundwater monitoring program.  

4. No water wells, deeper drinking water aquifers, surface water, or sensitive receptors are 
likely to be impacted. 

• Based on the Marine Corps Base Camp Pendleton Environmental Operations Map 
(MCB Camp Pendleton, 2001), the nearest potential sensitive receptor is a riparian 
habitat that is located approximately ¼ mile to the southeast of the site. This area is not 
expected to be impacted by Site 43402. Analytical data show the plume is 
stable/shrinking, and natural attenuation modeling using BIOSCREEN suggests that 
TPH-d will attenuate to levels below its secondary taste and odor WQO within 7 years 
and not migrate more than 50 feet downgradient of the former tank cavity. 

• The nearest municipal groundwater supply well, 10/5 18E2, is located over 3 miles to 
the southwest of Site 43402 and is not expected to be impacted. 

• The nearest surface water body is the Las Flores Creek, located approximately ¼ mile 
southeast of the site. In addition, a southeasterly flowing tributary to the Las Flores 
Creek is located toward the northeast, also within ¼ mile of the site (MCB Camp 
Pendleton, 2001). The surface drainage at the site flows toward the southeast to 
drainage channels that eventually discharge into the intermittent, southwesterly 
flowing Las Flores Creek. Because of the relatively low hydraulic gradients across the 
site, the stable to shrinking nature of the plume, the depth of remaining impacted soil 
at over approximately 12 feet bgs, and the results of natural attenuation modeling, the 
potential for nearby surface water bodies to be impacted by Site 43402 is considered 
insignificant to nonexistent. 
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5. The site presents no significant risk to human health. 

• It is extremely unlikely for humans to be exposed to impacted soil because remaining 
impacted soil is located over approximately 12 feet bgs beneath concrete and asphalt 
pavement.  

• The only potential for human exposure to contaminants in groundwater is through 
nearby water supply wells. However, the potential for exposure through groundwater 
is not anticipated due to the long distance to the nearest supply well (over 3 miles) and 
the stable to shrinking nature of the plume, as indicated during the 4-year groundwater 
monitoring program (Table 2-2). 

6. The site presents no significant risk to the environment. 

• The site is located approximately ¼ mile from a riparian habitat (MCB Camp Pendleton, 
2001). For the same reasons that nearby surface water is not believed to be at risk, it is 
believed that the environment and nearby ecological receptors are not at risk. The 
riparian habitat is located relatively far from remaining impacted soil, which is over 12 
feet bgs beneath asphalt and concrete pavement. 

Based on the above criteria, it is believed that Site 43402 has been adequately characterized and 
does not present a potential risk to human health or the environment. In summary, the 
contaminant source (underground storage tank) has been removed, impacted soils have been 
excavated to the extent practicable, concentrations of remaining impacted vadose zone soil have 
been reduced by over 90 percent with bioventing, the groundwater plume is stable to shrinking, 
groundwater contaminant concentrations are decreasing, and nearby sensitive receptors are not 
expected to be adversely impacted.  
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4.0 ASSESSMENT OF CLEANUP REQUIREMENTS 

Remediation of Site 43402 is monitored by the RWQCB, San Diego Region, which has final 
review and signature authority for closure. The San Diego County Site Assessment and 
Mitigation Manual 2005 (DEH, 2005) provides a framework for investigating and remediating 
releases of petroleum products; however, cleanup goals are specified in other regulations and 
guidance. Applicable regulations and guidance for UST sites come from state and federal codes, 
various resolutions, and guidance documents. The following sections focus on cleanup levels and 
regulations guiding corrective action for residual contamination. 

4.1 APPLICABLE CLEANUP LEVELS 

Groundwater cleanup levels for UST Site 43402 are directly related to the RWQCB Basin Plan 
(RWQCB, 1994). The Basin Plan provides cleanup standards, (WQOs) or Maximum 
Contaminant Levels (MCLs), for groundwater hydrologic units based on beneficial use 
designations. A hydrologic unit may be designated for one or more of 23 beneficial uses, such as 
municipal and domestic supply, agricultural supply, industrial service supply, and so forth. The 
WQOs for a hydrologic unit must be protective of the most sensitive beneficial use designated 
for the applicable hydrologic unit. The municipal supply category, which includes sources of 
drinking water, requires the most protective standards for groundwater. 

The RWQCB has designated all groundwater at MCB Camp Pendleton located east of 
Interstate 5 to be current or potential sources of drinking water. Groundwater designated for use 
“as domestic or municipal supply shall not contain concentrations of chemical constituents in 
excess of MCLs” nor shall these waters “contain taste and odor producing substances in 
concentrations which cause nuisance or adversely affect beneficial uses” (RWQCB, 1994). 
Therefore, groundwater that is considered a potential source of drinking water cannot contain 
contaminant concentrations in excess of MCLs (or WQOs) and/or taste and odor water quality 
thresholds. Cleanup goals for soils are established so that impacted soil does not have the potential 
to leach contaminants into groundwater at levels above the groundwater cleanup goals. Therefore, 
as summarized in Table 4-1 and based on the above requirements, the groundwater and soil 
cleanup goals for typical diesel fuel constituents are directly related to WQOs and MCLs. 

4.2 CORRECTIVE ACTION 

In addition to regulatory requirements on cleanup levels, California regulations specify 
corrective action requirements for restoring sites to appropriate cleanup levels. In particular, 
California State Water Resources Control Board Resolution No. 92-49 (as amended on April 21, 
1994 and October 2, 1996) provides policies and procedures for corrective action of 
unauthorized discharges under Water Code Section 13304. This resolution directs that water 
affected by an unauthorized release attain either background water quality or the best water 
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quality that is reasonable if background water quality cannot be restored; however, it does not 
require that the requisite level of water quality be met at the time of site closure. Also, according 
to Resolution 92-49, site cleanup must be “consistent with the maximum benefit to the people of 
state” considering “all demands being made and to be made on those waters and the total values 
involved, beneficial and detrimental, economic and social, tangible and intangible.” Therefore, 
corrective action should be reasonable and cost effective with respect to the site-specific 
conditions. 

In Section 5.0, remedial alternatives for UST Site 43402 are identified and evaluated in terms of 
effectiveness, implementability, and cost. 
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5.0 IDENTIFICATION AND  
EVALUATION OF REMEDIAL ALTERNATIVES 

This section presents the screening and evaluation process for identifying appropriate remedial 
alternatives for UST Site 43402. Remedial alternatives screened and evaluated in this CAP are 
directed at both soil and groundwater. A range of remedial technologies are identified and 
screened in Section 5.1 in order to select technologies that are expected to be effective, 
implementable, and cost-effective based on site-specific conditions. Technologies that are not 
appropriate for the site are eliminated early to streamline the technology evaluation process. 

5.1 REMEDIAL TECHNOLOGY SCREENING 

The RWQCB requires that a minimum of two corrective action strategies be evaluated. To 
identify the two most appropriate potential technologies for both soil and groundwater, a variety 
of remedial options were initially screened. A summary of the screening process for soils is 
included in Table 5-1, and for groundwater it is included on Table 5-2. The purpose of this 
screening is to identify and eliminate from further consideration remedial technologies that, 
because of site-specific conditions or costs, are not the most feasible and/or practical. Based on 
the screening (see Tables 5-1 and 5-2), the remedial action technologies determined to be the 
most practical for soil and groundwater at UST Site 43402 are as follows: 

Soil: 

• Alternative 1: No Further Action  

• Alternative 2: Excavation with Off-site Disposal  

Groundwater: 

• Alternative 1: No Further Action  

• Alternative 2: Remediation by Monitored Natural Attenuation  

The following sections describe each above identified alternative and include evaluations of 
effectiveness, implementability, and cost. The evaluation of effectiveness includes consideration of 
overall protection of human health and the environment and both the long-term and short-term 
effectiveness of each alternative. Evaluation of the implementability of each alternative includes 
consideration of the technical and administrative feasibility. The cost evaluation of each alternative 
is based upon estimates for capital costs and, if applicable, long-term monitoring costs. RWQCB 
acceptance of the CAP requires that the responsible party address the RWQCB’s comments and 
concerns for each alternative. The RWQCB’s acceptance may also not be completed until the 
public has had a chance to comment on the CAP and the comments have been addressed. 
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5.2 REMEDIAL ALTERNATIVES FOR SOIL 

The following sections describe the two most applicable remedial alternatives, as determined 
during the alternative screening (Table 5-1), for impacted soil at Site 43402. 

5.2.1 Alternative 1: No Further Action 

The soil excavation previously completed at the site extended to the groundwater table at 
approximately 26 feet bgs and removed approximately 455 cubic yards of diesel-impacted soil in 
the vadose zone (Section 2.6). The excavation did not extend to impacted soils located below the 
groundwater table, and was not able remove impacted soils located immediately adjacent to the 
former tank cavity due to numerous underground utilities and Building 43402.  

A biovent pilot test was completed that indicated oxygen and nutrients could effectively be injected 
into the vadose zone to enhance existing microorganisms ability to biodegrade remaining 
contamination. A full-scale biovent system was subsequently installed adjacent to the former tank 
cavity to enhance remediation of the vadose zone soils that could not be excavated (Section 2.9). 
The biovent system was operated for 12 months and soil confirmation samples indicated the 
TPH-d levels were reduced by over 90 percent (Section 2.10). 

In addition to hydrocarbon contamination remaining in the vadose zone around the former tank 
cavity, site assessment data collected in 1998 indicate that soil located beneath the water table was 
also impacted with hydrocarbons.  

Under the No Further Action alternative, even though impacted soil is present on site, no 
additional remediation is proposed. This is based on groundwater data that indicate the remaining 
impacted soil, located both in the vadose zone and in the saturated zone, are not a significant 
source of contamination, and human health and nearby sensitive receptors are not anticipated to 
be adversely impacted. 

Data collected from four years of groundwater monitoring (January 2001 to January 2005) have 
shown that the groundwater contaminant plume is stable and/or shrinking, the concentrations of 
contaminants are decreasing (Table 2-2), and there is strong evidence that natural attenuation, 
with biodegradation as the main mechanism, is occurring [strong correlation of decreased ORP, 
decreased DO, decreased nitrate, and the presence of iron (II) in samples from wells where TPH-
d is present relative to those wells where TPH-d is not present (Table 2-6)]. It is presumed in this 
alternative that natural attenuation will continue to remediate the remaining hydrocarbons 
present in soil in both the vadose zone and the saturated zone.  

The No Further Action alternative is consistent with RWQCB guidance not requiring active 
remediation for sites where there is evidence that natural attenuation is occurring, where the 
groundwater plume is not migrating, and where sensitive receptors have been identified and are 
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not anticipated to be adversely impacted (RWQCB, 1996). The No Further Action alternative, 
therefore, warrants site closure under existing conditions. 

5.2.1.1 Effectiveness 

The No Further Action alternative is expected to provide for permanent long-term reduction of 
remaining hydrocarbon contamination in soil at Site 43402. This would be effective in 
consideration of the following: 

• The source of contamination, the leaking UST and associated piping, has been removed. 

• Soil excavation removed a majority of diesel-impacted soils at the former tank cavity 
down to the groundwater at approximately 26 feet bgs (455 cubic yards). The 
excavation was limited horizontally due to the presence of underground utilities and 
Building 43402. Impacted soil remained along the sidewalls of the excavation below 
12 feet. 

• To remediate remaining impacted vadose zone soil, bioventing and nutrient addition 
was performed around the former tank cavity for 12 months between July 2004 and 
June 2005. After bioventing, verification soil samples were collected from areas 
around the former tank cavity that had previously been sampled to compare results and 
evaluate the effectiveness of the bioventing. Verification soil sample results indicated 
the bioventing was very successful, reducing TPH-d concentrations in the vadose zone 
an average of over 90 percent.  

• Soil contamination reported below the water table during the 1998 site assessment has 
not impacted groundwater to any significant extent. The groundwater plume has 
decreased in length from approximately 550 feet in 1998, to 400 feet during the 
beginning of the multi-year groundwater sampling program in 2001, and to 
approximately 200 feet during the most recent sampling event completed in January 
2005. In addition, during the 4-year groundwater monitoring program TPH-d 
concentrations have decreased in all wells. TPH-d in MW5 decreased from 7.2 mg/L 
to 0.5 mg/L, in MW7 it decreased from 1.8 mg/L to 0.2 mg/L, and in MW8 it 
decreased from 1.3 mg/L to 0.4 mg/L (Table 2-2).  

• Groundwater data from the four-year monitoring program strongly indicate that 
natural attenuation, with biodegradation as the main mechanism, is occurring [strong 
correlation of decreased ORP, decreased DO, decreased nitrate, and the presence of 
iron (II) in samples from wells where TPH-d is present relative to those wells where 
TPH-d is not present (Table 2-6)].  

• Both a saturated zone soil sample and a vadose zone soil sample analyzed for 
biological parameters contained sufficient biomass (total heterotrophic plate count of 
1.48E+07 and 2.25E+05 colony forming units, respectively) capable of degrading diesel 
constituents (Table 2-4). These results are above the number considered optimal by 
EPA (EPA, 1995). 

• Using BIOSCREEN (Appendix B) to model natural attenuation, and assuming 
0.5 mg/L TPH-d is present at the former tank cavity area (most recent maximum 
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concentration in groundwater), results indicated that TPH-d will attenuate to levels 
below its secondary taste and odor WQO within approximately 7 years, and not 
migrate more than 50 feet downgradient of the former tank cavity. 

• Based on the distance to the nearest municipal supply well (over 3 miles), the long-
term stable to shrinking nature of the groundwater plume, the long-term decrease in 
contaminant levels in groundwater, and the distance to the nearest sensitive ecological 
receptor (riparian habitat approximately ¼ mile to the southwest), the likelihood of 
diesel contamination from this site impacting human or sensitive ecological receptors 
is considered extremely small to negligible. 

Considering current site conditions, the No Further Action alternative is considered an effective 
alternative that is protective of human health and the environment. 

5.2.1.2 Implementability 

The No Further Action alternative is easy to implement because no further remediation activities 
would be conducted at UST Site 43402. After regulatory approval for closure, the only activity 
required would be the proper destruction of the six groundwater monitoring wells at the site. 

5.2.1.3 Cost 

The only costs associated with the No Further Action alternative would be to properly destroy and 
document the destruction of the existing groundwater monitoring wells. The estimated cost is for 
the No Further Action alternative is $15,885. A summary of estimated costs is presented below: 

Task Estimated Cost 
Well destruction permits (six wells) $785 

Drilling subcontractor ($900 x 6 wells) $5,400 

Labor for subcontractor coordination and oversight $3,000 

Transport and dispose of well abandonment debris 
and soil cuttings $3,200 

Well destruction documentation  $3,500 

Total Estimated Cost: $15,885 

 

5.2.2 Alternative 2: Excavation with Off-site Disposal 

Excavation with Off-site Disposal includes removing the remaining TPH-d-impacted soils from 
both the vadose zone and the saturated zone beneath, around, and downgradient from the former 
tank cavity area. For this alternative, it is estimated that an area approximately 90 feet by 40 feet 
will require excavation to between 20 feet bgs and 35 feet bgs. Based on 1998 Environmental 
Site Assessment results (Brown and Caldwell, 1999), soil reported to contain more than 
1,000 mg/kg of TPH-d extended to soil boring B6, located approximately 60 feet from the 
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downgradient edge of the former tank cavity (see Figure 2-2). Contamination was reported to 
approximately 20 feet bgs to the southwest of the former tank cavity, and to approximately 
35 feet bgs to the southeast of the former tank cavity. Soil excavation activities will only extend 
to the depth required to remove impacted soils.  

Impacted soils around and downgradient of the former tank cavity are located between 
approximately 15 and 35 feet bgs. All clean overburden encountered will be stockpiled 
separately and, after analytical testing, will be reused as backfill if appropriate. Not counting 
clean overburden that must be excavated (90 feet x 40 feet x approximately 15 feet deep = 
estimated 2000 cubic yards), the volume of impacted soil remaining in both the vadose zone and 
the saturated zone is estimated to be approximately 1,200 cubic yards.  

Before the excavation would begin, the numerous underground utilities, including water, gas, 
electric, and sewer lines located near the former tank cavity would need to be exposed and 
rerouted. Due to the proximity of Building 43402, shoring would also be required to protect the 
building from the excavation. The excavation would proceed until the presence of hydrocarbon 
contamination was no longer present and confirmation samples indicated that soil cleanup levels 
were met. The excavation would then be backfilled and the utilities placed back into their 
original configuration. 

5.2.2.1 Effectiveness 

For soils, excavation and off-site disposal is a very effective alternative as it protects human 
health and the environment by removing the contamination and transferring it to an appropriately 
permitted facility. Excavation provides a permanent removal of the impacted soils.  

5.2.2.2 Implementability 

Excavation is a well-established, conventional technology for remediating contaminated soil; 
however, excavation of the current remaining impacted soils at Site 43402 is considered very 
difficult due to the presence of numerous underground utilities, the proximity of Building 43402, 
the overall depth of the excavation to (over 3 stories deep), the presence of groundwater at 
approximately 25 feet bgs suggesting dewatering will likely be required, and the presence of 
concrete slurry backfill from the previous excavation to 26 feet bgs. Unlike the previous 
excavation, the numerous gas, electric, water, and sewer utilities located around the former tank 
cavity would have to be shut off and either temporarily or permanently rerouted before the 
excavation could proceed. In addition, in order to protect Building 43402 from nearby 
excavation activities, extensive and deep shoring would be required.  

Implementing a relatively deep excavation (35 feet) around utilities and a building also presents 
potential risks to workers from physical hazards, as well as potential contact with contaminated 
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soil. These risks, however, can be minimized by preparing a detailed site-specific work plan and 
a detailed site-specific health and safety plan. 

5.2.2.3 Cost 

The following assumptions were made to develop a cost estimate for the excavation with off-site 
disposal alternative: 

• An estimated 2,000 cubic yards of clean overburden and 1,200 cubic yards of diesel-
impacted soil would be excavated. The impacted soils would be transported off site for 
disposal as a non-hazardous waste.  

• The numerous underground utilities around the former tank cavity would need to be 
either temporarily rerouted or supported prior to the excavation. 

•  Extensive shoring would be required along approximately 40 linear feet of Building 
43402 to protect it from the excavation. 

The total estimated cost for the Excavation with Off-site Disposal alternative is approximately 
$417,000. A general breakdown of the estimated costs is included below: 

Task Estimated Cost 
Remedial Action Work Plan (draft and final versions) $15,000 
Utility rerouting/supporting ($15,000) and shoring ($50,000) $65,000 
Soil excavation, backfill, and site restoration (approximately 
1,200 cubic yards impacted soil and approximately 2,000 cubic 
yards of clean overburden) (estimated $55/yard) 

$176,000 

Confirmation soil sample analyses  [25 x $90 (TPH-d) 
+ 25 x $180 (VOCs) + 15 x $176 (PAHs)] $9,390 

Transport and dispose of contaminated soil (1,200 cubic yards = 
1,800 tons) ($45/ton) $81,000 

Site supervision (5 weeks construction supervisor at $110/hour 
and other support at $85/hour) $48,750  

Site Closure Report (draft and final versions) $22,000 
Total Estimated Cost: $417,140 

 

5.3 REMEDIAL ALTERNATIVES FOR GROUNDWATER 

The following sections describe the two most applicable remedial alternatives, as determined 
during the alternative screening (Table 5-2), for impacted groundwater at Site 43402. 

5.3.1 Groundwater Alternative 1: No Further Action 

Under the No Further Action alternative, no groundwater remediation is proposed for the site. It 
is, however, presumed that 1) the relatively low levels of TPH-d currently present in 
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groundwater (maximum 0.5 mg/L, January 2005) will continue to be remediated via natural 
processes, and 2) nearby sensitive receptors have been identified and are not anticipated to be 
adversely impacted. 

Data collected from the four-year groundwater monitoring program completed between 2001 and 
2005 have shown a decrease in the length of the contaminant plume; decreasing levels of TPH-d 
in each well (Table 2-2); and strong evidence of natural attenuation via biodegradation 
[decreased ORP, decreased DO, decreased nitrate, and the presence of iron (II) in samples from 
wells where TPH-d is present relative to those wells where TPH-d is not present (Table 2-6)]; 
which all strongly suggest that natural attenuation (primarily biological oxidation) of TPH-d is 
occurring at this site. 

It is therefore believed that the minor amounts of diesel components currently present in 
groundwater (up to 0.5 mg/L of TPH-d) will continue to degrade naturally over time. It is 
implicit in this alternative that, based on the fact that contamination levels are low, there is 
evidence that natural attenuation is occurring, and the only contaminants of interest at the site are 
constituents of diesel, the expense associated with active remediation would be an unnecessary 
use of public resources. 

5.3.1.1 Effectiveness 

The No Further Action alternative for groundwater would be effective in providing protection of 
human health and the environment in consideration of the following: 

• The source of contamination, the leaking UST and associated piping, has been removed. 

• Soil excavation removed a majority of diesel-impacted soils at the former tank cavity 
down to the groundwater at approximately 26 feet bgs (455 cubic yards). The 
excavation was limited horizontally due to the presence of underground utilities and 
Building 43402. Impacted soil remained along the sidewalls of the excavation below 
12 feet. 

• To remediate remaining impacted vadose zone soil, bioventing and nutrient addition 
was performed around the former tank cavity for 12 months between July 2004 and 
June 2005. After bioventing, verification soil samples were collected from areas 
around the former tank cavity that had previously been sampled to compare results and 
evaluate the effectiveness of the bioventing. Verification soil sample results indicated 
the bioventing was very successful, reducing TPH-d concentrations in the vadose zone 
an average of over 90 percent.  

• Soil contamination reported below the water table during the 1998 environmental site 
assessment has not impacted groundwater to any significant extent. The groundwater 
plume has decreased in length from approximately 550 feet in 1998, to 400 feet in 
2001, and to approximately 200 feet during the most recent sampling event completed 
in January 2005. In addition, during the 4-year groundwater monitoring program 
TPH-d concentrations have decreased in all wells. TPH-d in MW5 decreased from 
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7.2 mg/L to 0.5 mg/L, in MW7 it decreased from 1.8 mg/L to 0.2 mg/L, and in MW8 
it decreased from 1.3 mg/L to 0.4 mg/L (Table 2-2).  

• Groundwater data from the four-year monitoring program strongly indicate that 
natural attenuation, with biodegradation as the main mechanism, is occurring [strong 
correlation of decreased ORP, decreased DO, decreased nitrate, and the presence of 
iron (II) in samples from wells where TPH-d is present relative to those wells where 
TPH-d is not present (Table 2-6)].  

• Both a saturated zone soil sample and a vadose zone soil sample analyzed for 
biological parameters contained sufficient biomass (total heterotrophic plate count of 
1.48E+07 and 2.25E+05 colony forming units, respectively) capable of degrading diesel 
constituents (Table 2-4). These results are above the number considered optimal by 
EPA (EPA, 1995). 

• Using BIOSCREEN (Appendix B) to model natural attenuation, and assuming 
0.5 mg/L TPH-d is present at the former tank cavity area (most recent maximum 
concentration in groundwater), results indicated that TPH-d will attenuate to levels 
below its secondary taste and odor WQO within approximately 7 years, and not 
migrate more than 50 feet downgradient of the former tank cavity. 

• Based on the distance to the nearest municipal supply well (over 3 miles), the long-
term stable to shrinking nature of the groundwater plume, the long-term decrease in 
contaminant levels in groundwater, the depth of current remaining soil contamination 
(between approximately 12 and 26 feet), and the distance to the nearest sensitive 
ecological receptor (riparian habitat approximately ¼ mile to the southwest), the 
likelihood of diesel contamination from this site impacting human or sensitive 
ecological receptors is considered extremely small to negligible. 

Considering site conditions, the No Further Action alternative for groundwater is considered an 
effective alternative that is protective of human health and the environment. 

5.3.1.2 Implementability 

The No Further Action alternative for groundwater is very easy to implement, as no groundwater 
remediation or monitoring activities would be conducted. After regulatory approval for closure, 
the groundwater monitoring wells at the site would be properly destroyed. 

5.3.1.3 Cost 

The only costs associated with the No Further Action alternative would be to properly destroy and 
document the destruction of the existing groundwater monitoring wells. The estimated cost is for 
the No Further Action alternative is $15,885. A summary of estimated costs is presented below: 
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Task Estimated Cost 

Well destruction permits (six wells) $785 

Drilling subcontractor ($900 x 6 wells) $5,400 

Labor for subcontractor coordination and oversight $3,000 

Transport and dispose of well abandonment debris 
and soil cuttings $3,200 

Well destruction documentation  $3,500 

Total Estimated Cost: $15,885 
 

5.3.2 Alternative 2: Remediation by Monitored Natural Attenuation  

Alternative 2 relies on natural attenuation mechanisms for the remediation of residual 
groundwater contamination, and for this alternative, it is proposed that monitored natural 
attenuation (MNA) would require periodic groundwater monitoring to verify that natural 
attenuation processes were continuing to occur and that contaminant concentrations were 
continuing to decrease. With regard to groundwater, natural attenuation is generally defined as a 
process by which contaminants are degraded, or reduced in concentration, by various naturally 
occurring processes. Major natural attenuation processes include biodegradation, dispersion, 
dilution, volatilization, and adsorption. The MNA alternative for groundwater is expected to 
provide for permanent, long-term reduction of contaminants. 

5.3.2.1 Effectiveness 

For groundwater, natural attenuation via biodegradation is generally considered effective for 
petroleum hydrocarbons at low levels (EPA, 1995). Biodegradation of petroleum hydrocarbons 
occurs most efficiently under aerobic conditions. As biodegradation occurs, oxygen is consumed, 
which is replenished by diffusion through soil pore-space over a concentration gradient.  

For groundwater, MNA is expected to effectively provide for protection of human health and the 
environment for the same reasons as described above for the No Further Action alternative. 
Those reasons are reiterated here: 

• The source of contamination, the leaking UST and associated piping, has been removed. 

• Soil excavation removed a majority of diesel-impacted soils at the former tank cavity 
down to the groundwater at approximately 26 feet bgs (455 cubic yards). The 
excavation was limited horizontally due to the presence of underground utilities and 
Building 43402. Impacted soil remained along the sidewalls of the excavation below 
12 feet. 

• To remediate remaining impacted vadose zone soil, bioventing and nutrient addition 
was performed around the former tank cavity for 12 months between July 2004 and 
June 2005. After bioventing, verification soil samples were collected from areas 
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around the former tank cavity that had previously been sampled to compare results and 
evaluate the effectiveness of the bioventing. Verification soil sample results indicated 
the bioventing was very successful, reducing TPH-d concentrations in the vadose zone 
an average of over 90 percent.  

• Soil contamination reported below the water table during the 1998 site assessment has 
not impacted groundwater to any significant extent. The groundwater plume has 
decreased in length from approximately 550 feet in 1998, to 400 feet in 2001, and to 
approximately 200 feet during the most recent sampling event completed in January 
2005. In addition, during the 4-year groundwater monitoring program TPH-d 
concentrations have decreased in all wells. TPH-d in MW5 decreased from 7.2 mg/L 
to 0.5 mg/L, in MW7 it decreased from 1.8 mg/L to 0.2 mg/L, and in MW8 it 
decreased from 1.3 mg/L to 0.4 mg/L (Table 2-2).  

• Groundwater data from the four-year monitoring program strongly indicate that 
natural attenuation, with biodegradation as the main mechanism, is occurring [strong 
correlation of decreased ORP, decreased DO, decreased nitrate, and the presence of 
iron (II) in samples from wells where TPH-d is present relative to those wells where 
TPH-d is not present (Table 2-6)].  

• Both a saturated zone soil sample and a vadose zone soil sample analyzed for 
biological parameters contained sufficient biomass (total heterotrophic plate count of 
1.48E+07 and 2.25E+05 colony forming units, respectively) capable of degrading diesel 
constituents (Table 2-4). These results are above the number considered optimal by 
EPA (EPA, 1995). 

• Using BIOSCREEN (Appendix B) to model natural attenuation, and assuming 
0.5 mg/L TPH-d is present at the former tank cavity area (most recent maximum 
concentration in groundwater), results indicated that TPH-d will attenuate to levels 
below its secondary taste and odor WQO within approximately 7 years, and not 
migrate more than 50 feet downgradient of the former tank cavity. 

• Based on the distance to the nearest municipal supply well (over 3 miles), the long-
term stable to shrinking nature of the groundwater plume, the long-term decrease in 
contaminant levels in groundwater, the depth of current remaining soil contamination 
(between approximately 12 and 26 feet), and the distance to the nearest sensitive 
ecological receptor (riparian habitat approximately ¼ mile to the southwest), the 
likelihood of diesel contamination from this site impacting human or sensitive 
ecological receptors is considered extremely small to negligible. 

In consideration of these points, the MNA for groundwater alternative is considered an effective 
remedial alternative for this site. 

5.3.2.2 Implementability 

MNA is moderately easy to implement, as no active remediation activities would be conducted. 
Implementation of MNA would consist of collecting groundwater samples from existing 
monitoring wells over time to assess contaminant concentrations and biological activity.  
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5.3.2.3 Cost 

The following assumptions were made to develop a cost estimate for the MNA alternative for 
groundwater: 

• Three years of semiannual groundwater monitoring would be required to confirm that 
levels of groundwater contamination are continuing to decrease. 

• Fate and transport modeling will not be required to predict contaminant reduction 
and/or migration, nor would a contingency plan be required to address the possibility 
that contaminant reduction will not occur as estimated, because: 1) contaminants are 
currently present at low concentrations, 2) the groundwater plume has been shown to 
be stable and shrinking, and 3) impacts to human or sensitive ecological receptors are 
not expected. 

The total cost associated with the MNA alternative for groundwater (including properly 
abandoning and documenting the destruction of the existing groundwater monitoring wells at 
closure) is approximately $81,105. A general breakdown of the estimated costs is included 
below: 

Task Estimated Cost 
Semiannual groundwater sampling field labor for 3 years 
(6 events x 2 persons x 16 hrs/event x $85/hr) $16,320 

Groundwater sample analysis (6 samples TPH-d 
($90)/event + 7 samples VOCs ($180)/event x 6 events)  $10,800 

Transport and dispose well purge water (6 events) $5,100 

Semiannual Groundwater Sampling Reports  
($5,500/report x 6 reports) $33,000 

Well destruction and documentation (see Section 5.3.1.3) $15,885 

Total Estimated Cost: $81,105 
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6.0 RECOMMENDATIONS 

The No Further Action alternative for both soils and groundwater are the requested alternatives 
for UST Site 43402. This request is supported based on the following: 

• Source Removal. In 1992, the UST and associated piping were removed from the site. 
In 2001, approximately 455 cubic yards of TPH-d-impacted soil was excavated; 
however, the excavation was limited horizontally due to the presence of numerous 
underground utilities and Building 43402, and did not extend below groundwater. 
Even though impacted soil is present in the vadose zone around the former tank cavity, 
and in the saturated zone beneath and near the former tank cavity, data from four years 
of groundwater monitoring indicate this soil is not a contaminant source of concern, as 
the groundwater plume has shrunk/remained stable, TPH-d concentrations have 
decreased, and there is very strong evidence that natural attenuation (primarily 
biodegradation) is actively occurring at the site. 

• Extent of Contamination. 1998 Environmental Site Assessment data identified soil 
impacted with diesel constituents extending from near the base of the former tank 
(approximately 12 feet bgs) down to approximately 35 feet bgs (the top of groundwater 
is currently approximately 25 feet bgs). Soil excavation activities removed 
approximately 455 cubic yards of impacted soil down to groundwater, however the 
excavation was limited horizontally. Based on results of confirmation samples, 
TPH-d-impacted soils remained along the sides of the excavation. Bioventing, 
completed for 12 months between July 2004 and June 2005, subsequently reduced 
remaining vadose zone contamination by over 90 percent. Since the excavation did not 
extend below groundwater, the TPH-d impacted soils reported during the 1998 
environmental site assessment below groundwater around and downgradient of the 
former tank cavity (up to 35 feet bgs) were not excavated. 

     Analytical data collected during the most recent groundwater sampling event (January 
2005) indicated that TPH-d was present in well MW5, located adjacent to the former tank 
cavity, at 0.5 mg/L. TPH-d was also present in groundwater in monitoring wells MW7 and 
MW8, extending downgradient from the former tank cavity up to approximately 200 feet, 
at levels up to 0.4 mg/L. BTEX constituents were also detected in groundwater, but in 
trace to very low levels. BTEX was not detected above MCLs.  

• Plume Stability. During the 4-year groundwater monitoring program completed 
between January 2001 and January 2005, TPH-d levels have been shown to be low (up 
to 0.5 mg/L TPH-d in January 2005) with an overall history of decreasing in all wells 
where it is present (TPH-d in MW5 decreased from 7.2 mg/L to 0.5 mg/L, in MW7 it 
decreased from 1.8 mg/L to 0.2 mg/L, and in MW8 it decreased from 1.3 mg/L to 0.4 
mg/L). Overall, the groundwater plume has decreased in length from approximately 
550 feet during the site assessment in completed in 1998, to 400 feet in 2001, to 
approximately 200 feet during the most recent sampling event.  

• Risk. Based on the distance to the nearest municipal supply well (over 3 miles), the 
distance to the nearest surface water body approximately (¼ mile to the southwest), 
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the long-term shrinking to stable nature of the groundwater plume, the long-term 
decreasing concentrations of TPH-d in groundwater, the depth of current remaining 
soil contamination (over 12 bgs), the distance to the nearest sensitive ecological 
receptor (riparian habitat approximately ¼ mile to the southwest), and the strong 
evidence that natural attenuation is actively occurring at the site, the likelihood of 
diesel contamination from this site impacting human or sensitive ecological receptors 
is considered extremely small to negligible. 

• Cost. The costs for Excavation with Off-Site Disposal for impacted soils that are not 
considered a contaminant source of concern ($417,000), and the costs for continued 
monitoring of natural attenuation (3 additional years for $81,105) for a groundwater 
plume that is shrinking/stable, and has decreasing concentration levels, are significant 
when compared to the cost for No Further Action for both soil and groundwater 
($15,885). Such expenditures for active soil remediation and continued groundwater 
monitoring on a site that poses no imminent risk to human health or the environment 
are believed to be an unnecessary use of public resources. Perhaps equally or more 
importantly, such expenditures would, in light of MCB Camp Pendleton’s limited 
budget for environmental remediation, result in decreased availability of funds for 
remediation of sites that actually pose risks to human health or the environment. 

• Time Frame. In an effort to evaluate the time required for TPH-d in groundwater to 
decrease to a level below its secondary taste and odor water quality objective, natural 
attenuation modeling was completed using EPA’s BIOSCREEN software 
(Appendix B). During the modeling, the maximum groundwater concentration of TPH-d 
detected during recent monitoring was used as the starting concentration input for the 
model (0.5 mg/L). Since diesel fuel consists of a multitude of chemicals, in order to 
model TPH-d degradation in groundwater, naphthalene, which is a common 
constituent of diesel, was conservatively selected as a proxy for TPH-d (Appendix B). 
Model results indicated that TPH-d is estimated to attenuate to levels below its 
secondary taste and odor WQO during the next 7 years and not migrate more than 50 
feet from the former tank cavity. Model results indicate that TPH-d will attenuate to 
levels below its WQO well before it reaches the nearest drinking water well located 
over 3 miles downgradient of the site. 

In summary, there are no known current pathways for exposure to remaining contaminants, 
shallow groundwater near Building 43402 is not expected to be used for any purpose in the 
foreseeable future, and costs for additional deep soil excavation and further groundwater 
monitoring to continue to observe natural attenuation are relatively significant. Therefore, in 
consideration of “all demands being made and to be made on these waters and the total values 
involved, beneficial and detrimental, economic and social, tangible and intangible,” site closure 
with No Further Action for both soil and groundwater is requested for UST Site 43402.  
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TABLE 2-1

SUMMARY OF HISTORICAL SOIL SAMPLING RESULTS
MCB CAMP PENDLETON, UST SITE 43402

Page 1 of 1

43402-B1-15.0 43402-B4-20.0
PAHs (mg/kg) (mg/kg)

Acenaphthene <0.5 <0.1
Acenaphthylene <0.5 <0.1

Anthracene <1.0 <0.2
Benzo[a]anthracene <0.5 <0.1

Benzo[a]pyrene <0.5 <0.1
Benzo[b]fluoranthene <2.0 <0.3
Benzo[g,h,i]perylene <0.5 <0.1
Benzo[k]fluoranthene <0.5 <0.1

Chrysene <0.5 <0.1
Dibenzo[a,h]anthracene <0.5 <0.1

Fluoranthene <1.0 <0.2
Fluorene <0.5 <0.1

Indeno[1,2,3-c,d]pyrene <0.5 <0.1
Naphthalene 18 <0.2
Phenanthrene 18 2.5

Pyrene <0.5 <0.1

Notes:
EPA - U.S. Environmental Protection Agency
MCB - Marine Corps Base
mg/kg - micrograms per kilogram
PAH - polynuclear aromatic hydrocarbon (EPA Method 8270)
UST - Underground Storage Tank

Source:
Brown and Caldwell, 1999

Analysis 
Stationary Laboratory Results

Sample Numbers
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TABLE 2-2

SUMMARY OF GROUNDWATER SAMPLING RESULTS 
UST SITE 43402, MCB CAMP PENDLETON, CA

Page 1 of 3
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mg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L

0.1(2) 1 150 680 1750 (3) (3) (3) (3) (3) (3) 0.2(4)

26-Aug-98 43402-B25/MW1 -- -- -- -- -- na na na na na na na
24-Jan-01 0024-073 -- -- -- -- -- -- -- -- -- -- -- --
20-Apr-01 0024-121 -- -- -- -- -- na na na na na na na
8-Aug-01 0024-248 -- -- -- -- -- na na na na na na na
24-Oct-01 0024-314 -- -- -- -- -- na na na na na na na
26-Apr-02 0024-367 1(5) -- -- -- -- na na na na na na na
18-Oct-02 0024-443 -- -- -- -- -- na na na na na na na
21-Apr-03 0024-471 -- -- -- -- -- na na na na na na na
2-Oct-03 0024-528 -- -- -- -- -- na na na na na na na
19-Jan-04 0063-045 -- -- -- -- -- na na na na na na na
8-Jul-04 0081-042 -- 0.2J 0.1J -- 1J na na na na na na na

13-Jan-05 0081-066 -- -- 0.2J -- 1J na na na na na na na
MW2(6) 26-Aug-98 43402-B24/MW2 -- -- -- -- -- na na na na na na na

26-Aug-98 43402-B26/MW3 -- -- -- -- -- na na na na na na na
24-Jan-01 0024-071 -- -- -- -- -- -- -- -- -- -- -- --
19-Apr-01 0024-116 -- -- -- -- -- na na na na na na na
7-Aug-01 0024-241 -- -- -- -- -- na na na na na na na
24-Oct-01 0024-312 -- -- -- -- -- na na na na na na na
25-Apr-02 0024-363 -- -- -- -- -- na na na na na na na
18-Oct-02 0024-437 -- -- -- -- -- na na na na na na na
21-Apr-03 0024-472 -- -- -- -- -- na na na na na na na
1-Oct-03 0024-527 -- -- -- -- -- na na na na na na na
19-Jan-04 0063-043 -- -- -- -- -- na na na na na na na
19-Jan-04 0063-044 (Dup) -- -- -- -- -- na na na na na na na
7-Jul-04 0081-040 -- 0.2J 0.1J -- 1J na na na na na na na

12-Jan-05 0081-063 -- 0.1J 0.2J -- 1J na na na na na na na
MW4(6) 26-Aug-98 43402-B22/MW4 -- -- -- -- -- na na na na na na na

24-Jan-01 0024-072 7.2 -- -- 0.29J -- -- -- 12J -- -- 5.6J --
20-Apr-01 0024-120 1.9 -- -- 0.28J -- na na na na na na na
8-Aug-01 0024-243 4 -- -- -- -- na na na na na na na
8-Aug-01 0024-244 (Dup) 3.4 -- -- -- -- na na na na na na na
24-Oct-01 0024-308 2.4 -- -- 0.41J -- na na na na na na na
24-Oct-01 0024-309 (Dup) 2.4 -- -- 0.36J -- na na na na na na na
26-Apr-02 0024-366 8.3 -- -- -- -- na na na na na na na
18-Oct-02 0024-439 3.9 -- -- 0.4J -- na 1.6J 4 1.2 0.3 -- --
18-Oct-02 0024-440 (Dup) 6.1 -- -- 0.56 -- na 1.5J 3.8 1.1 0.2 -- --
22-Apr-03 0024-477 1 0.37 -- 1.3 -- na na na na na na na
22-Apr-03 0024-478 (Dup) 1 .4J -- 1.4 -- na na na na na na na
1-Oct-03 0024-527 -- -- -- -- -- na na na na na na na
20-Jan-04 0063-048 1.2 -- -- 0.82 -- na na na na na na na
8-Jul-04 0081-046 0.7 0.3J 0.2J 2 0.9J na na na na na na na

13-Jan-05 0081-069 0.5 0.2J 0.2J 1 0.8J na na na na na na na
13-Jan-05 0081-070 (Dup) 0.5 0.4J 0.6 2 3 na na na na na na na

MW3

MW5

PAHs(1)VOCs(1)

T
PH

-d

Sample ID
Date 

SampledWell ID

Water Quality Objectives (MCLs)

MW1
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TABLE 2-2

SUMMARY OF GROUNDWATER SAMPLING RESULTS 
UST SITE 43402, MCB CAMP PENDLETON, CA

Page 2 of 3
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mg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L

0.1(2) 1 150 680 1750 (3) (3) (3) (3) (3) (3) 0.2(4)

PAHs(1)VOCs(1)

T
PH

-d

Sample ID
Date 

SampledWell ID

Water Quality Objectives (MCLs)
25-Jan-01 0024-077 --(7) -- -- -- -- -- -- -- -- -- -- --
19-Apr-01 0024-115 -- -- -- -- -- na na na na na na na
7-Aug-01 0024-240 -- -- -- -- -- na na na na na na na
24-Oct-01 0024-310 -- -- -- -- -- na na na na na na na
25-Apr-02 0024-364 -- -- -- -- -- na na na na na na na
18-Oct-02 0024-438 -- -- -- -- -- na na na na na na na
21-Apr-03 0024-473 -- -- -- -- -- na na na na na na na
1-Oct-03 0024-526 -- -- -- -- -- na na na na na na na
19-Jan-04 0063-042 -- -- -- -- -- na na na na na na na
7-Jul-04 0081-039 -- 0.2J 0.2J -- 1J na na na na na na na

12-Jan-05 0081-064 -- 0.08J 0.2J -- 0.6J na na na na na na na
25-Jan-01 0024-079 1.8 -- -- -- -- -- 3.7J 3.2J -- -- -- 0.12J
19-Apr-01 0024-117 0.72 -- -- -- -- na na na na na na na
19-Apr-01 0024-118 (Dup) 1 -- -- -- -- na na na na na na na
8-Aug-01 0024-246 1.9 -- -- -- -- na na na na na na na
24-Oct-01 0024-311 0.63 -- -- -- -- na na na na na na na
25-Apr-02 0024-360 1.3 -- -- -- -- na na na na na na na
25-Apr-02 0024-361 (Dup) 1 -- 0.24J -- -- na na na na na na na
17-Oct-02 0024-436 1.2 -- -- -- -- na -- 1 0.88 -- -- --
22-Apr-03 0024-476 0.33 -- -- -- -- na na na na na na na
2-Oct-03 0024-530 0.32 -- -- -- -- na -- -- -- -- -- --
2-Oct-03 0024-531 (Dup) 0.31 -- -- -- -- na na na na na na na
20-Jan-04 0063-047 0.37 -- -- -- -- na na na na na na na
8-Jul-04 0081-045 0.2 0.1J 0.2J -- 0.9J na na na na na na na

13-Jan-05 0081-068 0.2 0.09J 0.2J -- 1J na na na na na na na
25-Jan-01 0024-075 1.3 -- -- -- -- -- 3.2J 1.6J -- -- -- --
25-Jan-01 0024-076 (Dup) 1.2 -- -- -- -- -- 4.1J 1.6J -- -- -- --
19-Apr-01 0024-119 0.75 -- -- -- -- na na na na na na na
8-Aug-01 0024-247 0.81 -- -- -- -- na na na na na na na
24-Oct-01 0024-313 0.62 -- -- -- -- na na na na na na na
25-Apr-02 0024-362 0.66 -- -- -- -- na na na na na na na
18-Oct-02 0024-441 1 -- -- -- -- na -- 1.4 0.35J 0.16J -- --
22-Apr-03 0024-475 0.4 -- -- -- -- na na na na na na na
2-Oct-03 0024-529 1.6 -- -- -- -- na na na na na na na
20-Jan-04 0063-046 1.6 -- -- -- -- na na na na na na na
8-Jul-04 0081-043 0.5 0.2J 0.1J -- 0.9J na na na na na na na
8-Jul-04 0081-044 (Dup) 0.6 0.2J 0.2J -- 0.9J na na na na na na na

13-Jan-05 0081-067 0.4 0.1J 0.2J -- 1J na na na na na na na
0.1 0.5 0.5 0.5 1.5 0.5 4 0.4 0.4 0.2 0.2 0.2

MW6

MW7

Reporting Limits

MW8
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TABLE 2-2

SUMMARY OF GROUNDWATER SAMPLING RESULTS 
UST SITE 43402, MCB CAMP PENDLETON, CA

Page 3 of 3
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mg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L

0.1(2) 1 150 680 1750 (3) (3) (3) (3) (3) (3) 0.2(4)

PAHs(1)VOCs(1)

T
PH

-d

Sample ID
Date 

SampledWell ID

Water Quality Objectives (MCLs)
Notes:
    Bold values exceed listed Water Quality Objectives

(1) - Compounds detected above laboratory method detection limits
(2) - Secondary taste and odor objective
(3) - No established Water Quality Objective
(4) - Proposed primary MCL
(5) - Presence of atypical pattern, quantified against diesel calibration curve
(6) - Well abandoned
(7) - Presence of a single peak on chromatogram in the diesel range
-- - not detected above laboratory reporting limit
µg/L - micrograms per liter
Dup - duplicate sample
EPA - U.S. Environmental Protection Agency
J - estimated value; value falls between the method detection limit and project reporting limit
MCB - Marine Corps Base
MCL - Maximum Contaminant Level
mg/L - milligrams per liter
MTBE - methyl tert-butyl ether
na - not analyzed
PAH - polynuclear aromatic hydrocarbon (by EPA Method 8310)
TPH-d - total petroleum hydrocarbons quantified as diesel (by EPA Method 8015B) 
UST - Underground Storage Tank
VOC - volatile organic compound (by EPA Method 8260B and BTEX by EPA Method 8021B)
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TABLE 2-3

SUMMARY OF PHYSICAL PARAMETERS FOR SOIL SAMPLES FROM
WELL BORING 43402-B27/MW5, MCB CAMP PENDLETON, JANUARY 20001

Page 1 of 1

Sample ID Depth 
(feet)

Bulk 
Density 
(g/cc)

Grain 
Density 
(g/cc)

Intrinsic 
Permeability 

to Water1 

(millidarcy)

Intrinsic 
Permeability2 

(cm2)

Sautrated 
Hydraulic 

Conductivity 
(cm/s)

Moisture 
Content
(wt. %)

N/A N/A N/A >10-10 na 12-18(4)

0024-050 14.5 1.76 2.66 0.41 4.05E-12 3.97E-07 19.4
0024-051 22 1.66 2.76 621 6.00E-09 5.88E-04 4.8
0024-035 28 1.71 na 0.36 3.54E-12 3.47E-07 24.8

Notes:
1 Measured value.
2 Calculated based on measured hydraulic conductivity per EPA, 1995.
3 EPA. 1995. How to Evaluate Alternative Cleanup Technologies for Underground Storage Tank Sites. A Guide for Corrective
             Action Plan Reviewers.
(4) Frankenberger, W. T. 1999. 

cm/s - centimeter per second

cm2 - centimeters squared

EPA - U.S. Environmental Protection Agency

g/cc- gram per cubic centimeter

MCB - Marine Corps Base

N/A -  not applicable

na - not analyzed

wt. % -  percent by weight

Optimal Range3
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TABLE 2-4

SUMMARY OF BIOLOGICAL PARAMETERS FOR SOIL SAMPLES FROM
WELL BORING 43402-B27/MW5, MCB CAMP PENDLETON, JANUARY 2001

Page 1 of 1

Sample ID Depth (feet)
Total Heterotrophic 

Plate Count 
(cfu/g)

Hydrocarbon 
Oxidizing 
Population 

(mpn/g)

Total 
Organic C 

(mg/kg)

NH4
+-N 

(mg/kg)
NO3

--N 
(mg/kg)

Ortho-P 
(mg/kg) C:N:P pH Moisture 

(%)

>1.0E+03a N/A N/A N/A N/A N/A 100:10:1 to 100:1:0.5a 6 to 8a; 6.5 to 8.5b 12-15b

0024-033 16-16.5 2.25E+05 4.90E+05 2300 9.6 12.8 -- 100:1.0:nd 8.5 14.0

0024-034* 25.5-26 1.48E+07 1.70E+07 1300 8.7 16.5 -- 100:1.9:nd 8.5 11.6

Detection Limit N/A 1.00.E+01 1.00.E+01 500 0.5 0.5 0.3 N/A N/A N/A
Notes:
a: EPA, 1995.
b: Frankenberger, W.T., 1999.

--: Not Detected 

*:  Collected below water table

cfu/g: colony forming units per gram soil

EPA: U.S. Environmental Protection Agency

MCB: Marine Corps Base

mg/kg:  milligram per kilogram

mpn/g: most probable number per gram soil

NA:  not applicable

C:N:P: TOC:(NH4
+ + NO3

-):P, by mass

Optimal Range
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TABLE 2-5

SUMMARY OF WATER LEVEL ELEVATIONS 
UST SITE 43402, MCB CAMP PENDLETON, CA

Page 1 of 3

Monitoring Well 
ID

Reference Point 
(toc) Elevation 

(feet amsl)

Well Screen 
Interval     

(feet btoc)

Date 
Measured

Depth to Water 
(feet btoc)

Groundwater 
Elevation      
(feet amsl)

26-Aug-98(1) 16.60 236.23
24-Jan-01 25.41 224.81
19-Apr-01 25.96 226.45
7-Aug-01 26.34 226.35
24-Oct-01 26.72 225.97
25-Apr-02 27.52 225.17
17-Oct-02 28.22 224.47
21-Apr-03 24.98 227.71
21-Apr-03 23.53 229.16
19-Jan-04 24.51 228.18
6-Jul-04 25.15 227.54

12-Jan-05 24.71 227.98

MW2(3) 247.82 10-30 26-Aug-98(1) 17.00 230.82

26-Aug-98(1) 18.12 232.10
24-Jan-01 26.88 223.34
19-Apr-01 27.02 223.20
7-Aug-01 27.75 222.47
24-Oct-01 28.16 222.06
25-Apr-02 28.89 221.33
17-Oct-02 29.75 220.47
21-Apr-03 26.77 223.45
1-Oct-03 25.52 224.70
19-Jan-04 26.17 224.05
6-Jul-04 26.97 223.25

12-Jan-05 24.83 225.39

MW4(3) 242.98 10-30 26-Aug-98(1) 17.12 225.58

MW1

  252.69(2)

10-30

MW3

252.41

250.22 10-35
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TABLE 2-5

SUMMARY OF WATER LEVEL ELEVATIONS 
UST SITE 43402, MCB CAMP PENDLETON, CA

Page 2 of 3

Monitoring Well 
ID

Reference Point 
(toc) Elevation 

(feet amsl)

Well Screen 
Interval     

(feet btoc)

Date 
Measured

Depth to Water 
(feet btoc)

Groundwater 
Elevation      
(feet amsl)

24-Jan-01 25.40 226.47
19-Apr-01 25.56 226.31
7-Aug-01 26.18 225.69
24-Oct-01 26.54 225.33
25-Apr-02 27.34 224.53
17-Oct-02 28.12 223.75
21-Apr-03 24.90 226.97
1-Oct-03 23.47 228.40
19-Jan-04 24.44 227.43
6-Jul-04 25.10 226.77

12-Jan-05 24.61 227.26
24-Jan-01 25.56 222.33
19-Apr-01 25.04 222.85
7-Aug-01 26.34 221.55
24-Oct-01 26.74 221.15
25-Apr-02 27.53 220.36
17-Oct-02 28.49 219.40
21-Apr-03 25.43 222.46
1-Oct-03 24.31 223.58
19-Jan-04 24.81 223.08
6-Jul-04 25.76 222.13

12-Jan-05 25.55 222.34
24-Jan-01 25.35 225.56
19-Apr-01 25.50 225.41
7-Aug-01 26.12 224.79
24-Oct-01 26.52 224.39
25-Apr-02 27.34 223.57
17-Oct-02 28.12 222.79
21-Apr-03 24.82 226.09
1-Oct-03 23.51 227.40
19-Jan-04 24.40 226.51
6-Jul-04 25.12 225.79

12-Jan-05 24.70 226.21

MW5 251.87 14.5-29.5

MW6 247.89 14.5-29.5

MW7 250.91 13.5-33.5
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TABLE 2-5

SUMMARY OF WATER LEVEL ELEVATIONS 
UST SITE 43402, MCB CAMP PENDLETON, CA

Page 3 of 3

Monitoring Well 
ID

Reference Point 
(toc) Elevation 

(feet amsl)

Well Screen 
Interval     

(feet btoc)

Date 
Measured

Depth to Water 
(feet btoc)

Groundwater 
Elevation      
(feet amsl)

24-Jan-01 26.20 223.69
19-Apr-01 26.32 223.57
7-Aug-01 26.98 222.91
24-Oct-01 27.33 222.56
25-Apr-02 28.09 221.80
17-Oct-02 28.91 220.98
21-Apr-03 25.73 224.16
1-Oct-03 24.63 225.26
19-Jan-04 25.35 224.54
6-Jul-04 26.11 223.78

12-Jan-05 25.76 224.13

Notes:
(1) - Measurement taken by Brown and Caldwell (1999)
(2) - Top of well casing resurveyed in August 2001
(3) - abandoned
amsl - above mean sea level
btoc - below top of casing
MCB - Marine Corps Base
toc - top of casing
UST - Underground Storage Tank

MW8 249.89 14.5-34.5
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TABLE 2-6

SUMMARY OF GROUNDWATER RESULTS
FOR EVALUATION OF NATURAL ATTENUATION

UST SITE 43402, MCB CAMP PENDELTON, CA

Page 1 of 3

Monitoring 
Well ID

Date 
Sampled Sample ID Chloride(1) 

(mg/L)
Nitrate(1)    

(mg/L)
Sulfate(1)    

(mg/L)
Iron (II)(2)   

(mg/L)

Dissolved 
Oxygen(3)     

(mg/L)

ORP(3)     

(mV)

8-Aug-01 0024-248 163 0.823 85.4 na 2.88 111
24-Oct-01 0024-314 na na na na 2.27 159
25-Apr-02 0024-367 na na na na 2.43 104
18-Oct-02 0024-443 na na na na ** **
21-Apr-03 0024-471 176 1.36 71.9 -- 1.98 249
2-Oct-03 0024-528 185 1.27 76.8 -- 2.48 163
19-Jan-04 0063-045 159 1.22 72.7 -- 2.84 150
8-Jul-04 0081-042 180 1J 68 -- 3.4 49

13-Jan-05 0081-066 180 1J 69 -- 2.32 113
24-Jan-01 0024-071 142 2.59 56.3 -- 4.79 149
19-Apr-01 0024-116 117 2.45 56.6 -- 3.85 223
7-Aug-01 0024-241 114 2.31 47.6 -- 4.67 112

24-Oct-01 0024-312 109 2.38 58.4 -- 5.26 49

25-Apr-02 0024-363 118 2.22 50.4 -- 4.79 99

18-Oct-02 0024-437 139 2 54.8 -- 4.30 158

21-Apr-03 0024-472 99.8 1.69 42.5 -- 5.80 247

1-Oct-03 0024-527 131 1.81 51.9 -- 4.87 140

19-Jan-04 0063-043 92.3 2.02 47.5 -- 5.64 135
7-Jul-04 0081-040 87 2J 44 -- 5.66 114

12-Jan-05 0081-063 54 2 31 -- 5.79 97
24-Jan-01 0024-072 181 0.042 J 43.5 1.7 1.02 -135
20-Apr-01 0024-120 165 -- 48.8 0.5 0.12 -136
8-Aug-01 0024-243 124 -- 114 2.4 0.22 -146
8-Aug-01 0024-244 (Dup) 113 -- 133 na na na
24-Oct-01 0024-308 131 -- 43 4.2 0.26 -163
26-Apr-02 0024-366 148 -- 24.7 4.0 0.22 -119
18-Oct-02 0024-438 135 0.173 55.1 -- ** **
22-Apr-03 0024-477 166 -- 27.9 4.1 0.00 -73
2-Oct-03 0024-532 163 -- 5.38 1.3 0.31 -174
20-Jan-04 0063-048 156 -- 24.5 5.4 0.09 -131
8-Jul-04 0081-046 160 -- 34 3.2 0.75 -136

13-Jan-05 0081-069 170 0.7J 47 3.5 0.22 -132

MW5

MW3

MW1
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TABLE 2-6

SUMMARY OF GROUNDWATER RESULTS
FOR EVALUATION OF NATURAL ATTENUATION

UST SITE 43402, MCB CAMP PENDELTON, CA

Page 2 of 3

Monitoring 
Well ID

Date 
Sampled Sample ID Chloride(1) 

(mg/L)
Nitrate(1)    

(mg/L)
Sulfate(1)    

(mg/L)
Iron (II)(2)   

(mg/L)

Dissolved 
Oxygen(3)     

(mg/L)

ORP(3)     

(mV)

25-Jan-01 0024-077 na na na na 2.11 -148
19-Apr-01 0024-115 148 0.375 54.6 -- 2.72 -129
7-Aug-01 0024-240 105 0.409 40.5 -- 2.90 122
24-Oct-01 0024-310 114 0.606 50.1 -- ** **
25-Apr-02 0024-364 117 0.195 69.2 -- ** **
18-Oct-02 0024-438 135 0.173 55.1 -- ** **
21-Apr-03 0024-473 132 -- 44.9 -- 0.00 268
1-Oct-03 0024-526 138 -- 46.1 -- 1.34 141
19-Jan-04 0063-042 140 -- 45.8 -- 0.57 -24
7-Jul-04 0081-039 130 -- 44 -- 1.68 67

12-Jan-05 0081-064 140 0.6J 47 -- 0.34 11
25-Jan-01 0024-079 na na na na 2.11 -148
19-Apr-01 0024-117 na na na -- 2.72 -129
19-Apr-01 0024-118 (Dup) na na na na na na
7-Aug-01 0024-246 na na na -- 2.90 122
24-Oct-01 0024-311 na na na -- ** **
25-Apr-02 0024-360 na na na -- ** **
25-Apr-02 0024-361 (Dup) na na na na na na
17-Oct-02 0024-436 na na na -- 0.00 -109
22-Apr-03 0024-476 182 -- 53.3 -- 0.00 -42
2-Oct-03 0024-530 171 -- 58.6 -- 0.21 -94
20-Jan-04 0063-047 158 -- 54.8 5.2 0.30 -97
8-Jul-04 0081-045 160 -- 55 3.4 0.85 -121

13-Jan-05 0081-068 170 0.7J 60 2.5 0.31 -108

MW7

MW6
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TABLE 2-6

SUMMARY OF GROUNDWATER RESULTS
FOR EVALUATION OF NATURAL ATTENUATION

UST SITE 43402, MCB CAMP PENDELTON, CA

Page 3 of 3

Monitoring 
Well ID

Date 
Sampled Sample ID Chloride(1) 

(mg/L)
Nitrate(1)    

(mg/L)
Sulfate(1)    

(mg/L)
Iron (II)(2)   

(mg/L)

Dissolved 
Oxygen(3)     

(mg/L)

ORP(3)     

(mV)

25-Jan-01 0024-075 182 0.050 J 34.1 3.0 1.11 -75
25-Jan-01 0024-076 (Dup) 183 0.038 J 31.1 3.2 na na
19-Apr-01 0024-119 182 -- 32.7 4.0 0.49 -56
8-Aug-01 0024-247 159 0.034 J 41.3 3.6 -- -98
24-Oct-01 0024-313 143 0.086J 48.1 5.0 0.35 -119
25-Apr-02 0024-362 161 -- 50.3 4.4 0.19 -90
18-Oct-02 0024-441 179 -- 56.1 6.8 0.00 -71
22-Apr-03 0024-475 189 -- 49.4 3.8 0.00 -44
2-Oct-03 0024-529 201 -- 49.5 3.2 0.30 -64
20-Jan-04 0063-046 163 -- 43.4 5.6 0.23 -93
8-Jul-04 0081-043 180 -- 39 3.4 0.61 -146

13-Jan-05 0081-067 180 0.9J 44 2.8 0.48 -118
0.2 0.1 0.5 (4) (4) (4)

Notes:
(1) - Analyzed by  EPA Method 300.0 Dup - duplicate sample
(2) - Ferrous iron by Hach IR-18C field kit EPA - U.S. Environmental Protection Agency
(3) - Parameters measured using field instruments MCB - Marine Corps Base
(4) - Not applicable for field measurements mg/L - milligrams per liter
** - No data because the well went dry mV - millivolts
-- - not detected above laboratory reporting limit na - not analyzed
J - estimated value; value falls between the method ORP - oxidation/reduction potential
    detection limit and project reporting limit UST - Underground Storage Tank

Reporting Limits

MW8
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TABLE 2-7

SUMMARY OF BIOVENT SYSTEM OPERATION AND MAINTENANCE DATA
UST SITE 43402, MCB CAMP PENDLETON

Page 1 of 2

Ctr (hrs)

Date
Cycle 
Mode

N2O 
(ppmv) %O2 %CO2

N2O 
(ppmv) %O2 %CO2

N2O 
(ppmv) %O2 %CO2

N2O 
(ppmv) %O2 %CO2

N2O 
(ppmv) %O2 %CO2

7/22/2004 ON 10
7/30/2004 ON 10 0.11 500 19.6/19.1 0/0.3 19.9/12.4 0/5.2 18.3/18.6 0/0

8/4/2004 OFF 585/502 4.7/2.1 4.2/6.6 250/496 1.7/12.3 10.3/5.1 520/518 1.8/4.6 5.3/3.4

8/5/2004 ON 10
8/11/2004 ON 10
8/12/2004 OFF
8/17/2004 ON 10 8163
8/18/2004 OFF 8215
8/30/2004 ON 10 0.09 460

9/7/2004 ON 10 0.04 491 19.1 0 570/550 18.9/19.2 0/0 481/143 18.6/12.5 0/5.2 491/491 19.1/18.5 0/0 8406
9/13/2004 OFF 0.29 545/490 2.7/0.7 5.4/7.7 123/202 1.5/11.5 11.4/5.1 570/519 0.2/1.0 8.6/7.0

9/14/2004 ON 10
9/23/2004 ON 0.24 481/462 19.6/19.3 0/0.3 472/40 20.4/12.8 0/3.0 479/481 19.9/19.9 0/0 8649
10/1/2004 OFF
10/7/2004 ON 10 489 19.3 0 493/485 19.3/19.1 0/0 487/41 18.9/13.0 0/5.2 489/489 19.3/19.2 0/0 8793
10/15/2004 OFF 0.26 515/35 0.5/0.0 8.4/10.6 44/66 0.5/10.3 14.5/6.3 447/470 1.2/6.3 11.1/5.0 8793
10/22/2004 ON 8887

system down 
11/23/2004 ON 8 0.2
12/1/2004 OFF 10 0.2 0.0/0.3 9.8/9.7 0.7/7.6 13.2/7.5 0.8/1.0 8.6/7.4 8488
12/10/2004 ON 10 450/8.2 19.9/18.4 0.0/1.1 491.1/67.0 20.0/9.8 0.0/8.2 485/490 20.0/20.0 0.0/0.0

12/17/2004 OFF 0.2 456.3 57.8/61.6 0.5/8.0 9.1/4.8 35.4/40.5 2.2/7.7 11.9/8.7 50.9/408 0.2/1.0 12.1/7.0 8704
system down 

1/31/2005
2/14/2005 ON 9 457 441/439 19.7/18.3 0.0/1.5 433/102 19.3/1.5 0.01/12.3 448/449 19.4/19.1 0.0/0.6 9106

TEP 
Height 
(feet 

from top 
of brass)

Air 
Injection 

Rate 
(scfm)

system activated

New Probe #3 BV-1/BV-2 Influent Gas Concentration MW5/BV-3 New Probe #1/#2
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TABLE 2-7

SUMMARY OF BIOVENT SYSTEM OPERATION AND MAINTENANCE DATA
UST SITE 43402, MCB CAMP PENDLETON

Page 2 of 2

Ctr (hrs)

Date
Cycle 
Mode

N2O 
(ppmv) %O2 %CO2

N2O 
(ppmv) %O2 %CO2

N2O 
(ppmv) %O2 %CO2

N2O 
(ppmv) %O2 %CO2

N2O 
(ppmv) %O2 %CO2

TEP 
Height 
(feet 

from top 
of brass)

Air 
Injection 

Rate 
(scfm)

New Probe #3 BV-1/BV-2 Influent Gas Concentration MW5/BV-3 New Probe #1/#2

2/21/2005 OFF 460 9107
2/28/2005 ON 10 8.4/110.3 20.0/18.2 0.2/1.6 4.0/3.2 20.2/19.3 0.0/0.7 9273
3/7/2005 ON 10 464 70.7/477 7.0/7.3 1.1/5.2 19.2/509 19.0/12.1 6.6/5.5 37.9/109.5 8.3/7.8 5.2/4.7 9274
3/14/2005 ON 8.5 28.1 430/496 19.6/17.0 0.3/2.4 43.7/492 18.3/1.5 0.7/12.5 26.4/495 20.4/18.6 0.0/1.2 9442
3/28/2005 OFF 0 109.5/65.7 0.3/0.2 10.6/12.0 24.1/495 4.0/1.3 10.1/11.6 46.3 0.1 13.1 48.4/56.0 1.7/0.1 11.9/10.0 9442
4/5/2005 OFF 568/579 14.0/8.8 21/9.1 567/548 14.1/1.2 3.4/8.5 73.7 0.5 15.3 543/577 8.1/14.7 3.2/2.8 9583
4/12/2005 ON 10 48.3/45.9 0.2/1.0 10.1/11.9 30.8/482 19.1/11.3 0.4/0.2 43.5 0.3 13.3 44.2/44.7 0.9/0.3 11.0/10.8 9583
4/19/2005 ON 10 0 68.9/506 18.4/1.4 1.3/13.6 6.2/443 18.2/0.1 1.3/11.5 220 0.4 14.5 0.9/507 203/9.1 0.0/6.0 9750
4/26/2005 OFF 463

5/10/2005 ON 10 0.4 29.9/475 17.4/0.7 1.8/14.8 3.6/1.4 17.4/20.1 1.6/0.0 426 0.2 14.7 1.2/458 20.1/2.6 0.00/12.6 10068
5/17/2005 OFF 75.5/143 0.3/0.5 12.3/15 5.6/0.2 10.4/19.9 4.6/0.0 40.9 0.2 14.7 40.0/49.0 0.2/3.2 12.1/15.4 10068
5/24/2005 ON 6 390 468/49.8 11.3/0.5 5.7/15.1 20.3/1.9 18.9/20.0 0.6/0.0 48.5 0.2 15.3 329/49.1 20.2/0.3 0.0/15.7 10253
5/31/2005 ON 10 109/32.7 0.4/0.1 14.2/15.5 23.2/0.7 13.5/19.6 2.8/0.0 36.3 0.1 15.4 27.0/39.1 1.3/1.1 11.7/14.0 10254
6/14/2005 OFF 450 68.5/453 7.0/7.5 1.3/5.4 18.9/458 8.7/13.0 6.6/5.5 428 0.2 14.6 36.8/109.5 8.4/7.5 5.3/4.6 10590
6/22/2005 ON 10 294/303 0.3/1.9 16.2/14.5 2.7/3.3 13.8/19.4 2.6/0.0 518 0.2 15.8 49.3/59.1 0.9/0.2 13.6/17.0 10590
6/30/2005 OFF 520/515 2.2/0.2 15.6/17.6 467/54 14.6/19.9 1.5/0.0 118 0.2 16.2 519/518 4.5/0.2 10.4/19.5 10594

Notes:
N2O - nitrous oxide
%O2 - percent oxygen
%CO2 - percent carbon dioxide

ppmv - parts per million in volume
scfm - standard cubic feet per minute
UST - Underground Storage Tank
MCB - Marine Corps Base 
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TABLE 2-8

COMPARISON OF VERIFICATION SOIL SAMPLE RESULTS WITH HISTORICAL SOIL SAMPLE RESULTS
UST SITE 43402, MCB CAMP PENDLETON

Page 1 of 1

SPLP/
VOCs

(μg/kg)

Sample Location Boring Number Sample I.D. Date Sampled

Sample 
Depth 
(feet)

TPH-d 
(mg/kg)

SPLP/
TPH-d
(μg/L) M

et
hy

le
ne

 C
hl

or
id

e
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ce
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K
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/P
A

H
s (
μg

/k
g)

VSB-1 0081-0080 July 6, 2005 20 3,700 60 96 -- -- -- 1 -- -- --
 BV-41 0063-60 April 20, 2004 21.5 28,000 NA NA NA NA NA NA NA NA NA
VSB-2 0081-081 July 6, 2005 22 760 72 5 48 -- -- 1 -- -- --
BV-62 0063-067 April 21, 2004 21.5 6,700 NA NA NA NA NA NA NA NA NA
VSB-3 0081-082 July 6, 2005 19 12 J 0.3 5 20 J 1 J -- 2 J 3 J -- --
B-43 43402-B4-20 August 1998 20 8,6064 NA NA NA NA 0.466 NA -- 2.5 NA

Notes:
1 - Biovent injection well.
2 - Biovent observation well.
3 - Boring was drilled and sampled during the 1998 Site Assessment
4 - Mobile laboratory result.  Stationary laboratory result was 2,970 mg/kg.
J - Estimated value.
μg/kg - microgram per kilogram
mg/kg - milligram per kilogram
μg/L - microgram per liter
MIBK - 4-methyl-2-pentanone

East of Former Tank 
Cavity

PAHs
(μg/kg)

North of Former 
Tank Cavity

Southeast of Former 
Tank Cavity

VOCs (μg/kg)
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TABLE 2-9

COMPARISON OF NATURAL ATTENUATION PARAMETER VERIFICATION SOIL SAMPLE RESULTS WITH 
HISTORICAL SOIL SAMPLE RESULTS

UST SITE 43402, MCB CAMP PENDLETON

Page 1 of 1

Sample Location Soil Boring ID Date Sampled Sample I.D.

Depth 
(feet below 

grade)
Ammonia-Nitrogen

(mg/kg)
Nitrate-Nitrogen

(mg/kg)

Orthophosphate-
Phosphorous

(mg/kg)

Hydrocarbon-Oxidizing 
Microbial Population

(MPN/g)

VSB-1 July 6, 2005 0081-0080 21 <5.0 4.8 14.8 4.3  x 104

BV-4(1) April 20, 2004 0063-062 22 10.2 10.4 <2.0 4.3 x 101

VSB-2 July 6, 2005 0081-081 21 <5.0 4.2 5.0 9.3 x 101

BV-6(2) April 21, 2004 0063-066 20 13.7 18.5 <2.0 6.7 x 101

Notes:
mg/kg - milligrams per kilogram
MPN-g - Most Probable Number/gram
(1) - Biovent injection well
(2) - Biovent observation well

North of Former 
Tank Cavity

Southeast of Former 
Tank Cavity
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Page 1 of 4 
TABLE 5-1 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR SOIL,  
UST SITE 43402, MCB CAMP PENDLETON 

General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

Active 
Remediation 

In situ biological 
treatment. 

Bioventing/biosparging: 
Introduce oxygen into 
the impacted soils in 
both the vadose zone 
and saturated zone, 
respectively,  to increase 
the biological activity of 
native microorganisms. 

Very low to High: Oxygen is 
typically the limiting factor for 
aerobic bioremediation, and 
adding oxygen has been shown 
to be effective to reduce 
concentrations of petroleum 
contaminants adsorbed to soil 
particles both above and below 
the water table.  Results of 
bioventing already completed 
at the site (see Section 2.9) 
indicate that it is effective in 
introducing oxygen (and 
nutrients) into the vadose zone.  
However, the impacted soils 
located below the water table 
have a very low permeability 
(3.54E-12 cm2, Table 2-3), 
which is below the range 
considered effective for 
biosparging (10E-10 cm2) 
(EPA, 1995).  Biosparging is 
considered marginally effective 
to ineffective in soils with 
permeabilities below 10E-10 
cm2 (EPA, 1995).  

 

 

Difficult to Moderately 
Easy: 
Bioventing/biosparging 
are conventional, well-
known technologies, and 
there are injection and 
monitoring wells already 
installed at the site that 
can continue to be used.  
However, biosparging in 
the low permeable soils 
below the water table 
would be difficult.  
Numerous injection 
wells on a tight grid 
pattern would be 
required with extensive 
piping around the 43 
Area mess hall loading 
dock area.   

 

 

Moderate: Depends on 
the number of biosparge 
wells required and the 
length of time it would 
take for contaminant 
levels to drop in the low 
permeability saturated 
zone.  It is 
conservatively assumed 
that 5+ years of 
bioventing/biosparging 
may be required. 

Eliminated: Even though 
the bioventing already 
conducted at the site 
indicated that both oxygen 
and nutrients can 
effectively be injected into 
the vadose zone, this 
alternative is eliminated 
due to the low-
permeability soils in the 
saturated zone.  With the 
low-permeability saturated 
zone soils, implementing 
biosparging will be 
difficult, and may not be 
effective. 
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Page 2 of 4 
TABLE 5-1 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR SOIL,  
UST SITE 43402, MCB CAMP PENDLETON 

General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

Active 
Remediation 

Removal. Excavation with off-site 
disposal of remaining 
impacted soils in both 
the vadose zone and the 
saturated zone. 

High: Provides long-term 
effectiveness and permanence. 
Provides protection of human 
health and the environment by 
reducing or eliminating the 
volume of contaminated soils.  

Difficult: Excavation is 
a conventional and well-
established technology; 
however, the remaining 
impacted vadose zone 
soils are located beneath 
numerous underground 
utilities, and the 
impacted saturated zone 
soils are located up to 35 
feet deep adjacent to and 
beneath numerous 
underground utilities.  
Extensive shoring and 
utility rerouting would 
be required. In addition,  
saturated zone soils 
below the former tank 
cavity are currently 
beneath the cement 
slurry backfill (26 feet 
deep) used during the 
vadose zone soil 
excavation (see Section 
2.6). 

High: An very extensive 
effort would be required 
to excavate 
contaminated soil up to 
35 feet deep around 
numerous utilities, 
adjacent to Building 
43402, and through 26 
feet of cement slurry 
backfill.   Extensive 
shoring and utility 
rerouting would be 
required. 

Retained: Even though 
excavation would be 
difficult and expensive to 
implement, it is considered 
the best active remedial 
alternative available for the 
site.  
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Page 3 of 4 
TABLE 5-1 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR SOIL,  
UST SITE 43402, MCB CAMP PENDLETON 

General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

Active 
Remediation 

In situ chemical 
treatment. 

Chemical oxidation: 
Introduce a chemical 
oxidant to either destroy 
or degrade contaminants.

High: Where implementable, 
this technology has been shown 
to remediate hydrocarbons in 
both vadose zone and saturated 
zone soils. The oxidants used 
are readily available and 
treatment time is usually 
measured in months, as 
opposed to years.  

Difficult to Not 
Implementable: 
Geotechnical analyses of 
soils indicate that 
impacted saturated soils 
have very low 
permeability, which may 
not allow the oxidants to 
infiltrate the formation. 
A pilot test would be 
recommended.  In 
addition, this technology 
is not recommended for 
impacted soils near 
underground utilities or 
buildings due  
to exothermic reactions 
generated. 

High: Potentially 
extensive drilling and 
monitoring activities 
would increase costs. 

Eliminated: Based on the 
technology being difficult 
to implement, or 
potentially not 
implementable at all.  The 
low permeable saturated 
soils, and the numerous 
nearby underground 
utilities, are not well suited 
for in situ chemical 
oxidation. 
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TABLE 5-1 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR SOIL,  
UST SITE 43402, MCB CAMP PENDLETON 

General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

No Further Action Not applicable.  Not applicable.  High: Natural attenuation has 
been shown to be effective at 
petroleum sites for the long-
term, permanent removal of 
contaminants.  Impacted soils 
in the vadose zone were 
physically removed to the 
extent practical (455 cubic 
yards), and remaining impacted 
soils that could not be removed 
due to nearby utilities and 
Building 43402 were treated 
for 12 months with bioventing 
(see Section 2.9).  The 
impacted soils located in the 
saturated zone do not appear to 
be impacting groundwater to 
any significant extent, if at all. 
The groundwater plume has 
shrunk and groundwater 
contaminant levels continue to 
decrease. Site data strongly 
indicate natural attenuation is 
occurring, and it is believed 
natural attenuation will 
continue to occur.   

Easy:  No additional soil 
remedial activities 
would be performed.  

Low: Since there would 
be no additional soil 
remediation, there would 
no additional soil 
remediation costs.  The 
only cost would be 
associated with 
abandoning the 
groundwater monitoring 
wells after regulatory 
site closure. 

 

Retained: Based on 
historical site data and 
current site conditions, it is 
believed the remaining 
petroleum impacted soils 
(in both the vadose zone 
and the saturated zone) 
will attenuate naturally. 
Data from several years of 
groundwater monitoring 
have shown the 
groundwater plume has 
shrunk, and overall 
contaminant levels have 
decreased, indicating the 
remaining soil 
contamination both above 
and below groundwater is 
not impacting groundwater 
to any significant extent, if 
at all.  In addition, site data 
strongly indicate natural 
attenuation is occurring, 
and it is believed natural 
attenuation will continue to 
occur.   

Notes: 

EPA – U.S. Environmental Protection Agency 
MCB – Marine Corps Base 
UST – Underground Storage Tank 
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TABLE 5-2 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER,  
UST SITE 43402, MCB CAMP PENDLETON 

General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

No Further Action Not applicable. Not applicable.  High: Hydrocarbon constituents 
are readily biodegradable, the 
plume is stable and shrinking. 
The nearest municipal supply 
well is 3.7 miles away. Analytical 
data indicate that hydrocarbon-
degrading bacteria are present in 
site soils at levels above those 
considered optimal by the EPA.  

Easy: No remedial 
activities would be 
performed. Site closure 
would be complete after 
the destruction of the 
existing groundwater 
monitoring wells. 

Very low: Costs to 
destroy existing wells 
would be relatively low. 

 

Retained: Assumes site 
closure would be 
warranted under existing 
conditions.  

Limited Action Remediation  
by Monitored 
Natural 
Attenuation. 

Groundwater monitoring 
program to verify that 
contaminant levels are 
decreasing. 

High:  Hydrocarbon constituents 
are readily biodegradable, the 
plume is stable and shrinking. 
The nearest municipal supply 
well is 3.7 miles away. Analytical 
data indicate that hydrocarbon-
degrading bacteria are present in 
site soils at levels above those 
considered optimal by the EPA. 

Moderately Easy:  
Consists of periodic 
groundwater monitoring 
to assess contaminant 
disappearance.  

Moderate:  Depends on 
length of time required 
for contaminant levels 
to drop.  It is 
conservatively assumed 
that 3 years of 
monitoring may be 
required. 

Retained:  Relatively 
easy to implement and 
natural processes have 
been shown to be 
effective at similar sites. 
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TABLE 5-2 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER,  
UST SITE 43402, MCB CAMP PENDLETON 

General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

Active 
Remediation 

In situ biological 
treatment. 

Biosparging: Introduce 
oxygen into the 
saturated zone by 
pumping air into the 
subsurface. 

Low:  Oxygen is typically the 
limiting factor for aerobic 
bioremediation and providing 
oxygen has been shown to be 
effective at similar sites; 
however, effectiveness is only 
achieved if oxygen reaches the 
contaminated zone. At this site, 
saturated zone soil is relatively 
impermeable. A sample of site 
soil was analyzed and the 
intrinsic permeability was less 
than that considered optimal for 
biosparging applications (EPA, 
1995).  Soil at the site would 
impede biosparging activities. 

Moderate to Difficult: 
Biosparging is a 
conventional, well- 
known technology; 
however, the impacted 
saturated-zone soil has 
very low permeability, 
potentially requiring a 
large number of sparge 
wells. 

Moderate to high: 
Potential long-term 
system O&M (due to 
low-permeability soils) 
and potential periodic 
verification sampling. 

Eliminated: Low 
effectiveness based on 
low intrinsic 
permeability of soils. In 
addition, the effort and 
costs are not justified 
based on the low 
potential for adverse 
impacts to sensitive 
receptors or nearby 
water resources (refer to 
Section 3.3). 

Active 
Remediation 

In situ biological 
treatment. 

Addition of ORC to the 
contaminated zone. 
ORC is a patented 
formulation of 
magnesium peroxide 
that produces a slow, 
sustained source of 
oxygen in groundwater, 
which enhances the 
ability of indigenous 
microorganisms to 
degrade fuel 
hydrocarbons. 

High:  Oxygen is typically the 
limiting factor for aerobic 
bioremediation, and adding 
oxygen has been shown to be 
effective at similar sites. Contrary 
to biosparging, which relies on 
pressure to push air into the 
groundwater, ORC provides high 
concentrations of molecular 
oxygen that migrate into the 
contaminated aquifer via 
diffusion, and thus is not as 
restricted by low-permeability 
soils as biosparging. 

Moderate: ORC is 
applied to the subsurface 
via push-point injection. 

Moderate: Costs include 
purchasing ORC and 
applying it to the 
subsurface, with 
periodic groundwater 
monitoring.  Multiple 
injections would likely 
be required. 

Eliminated: The effort 
and costs are not 
justified based on the 
low permeability soils 
and the low potential for 
adverse impacts from the 
site to sensitive 
receptors or nearby 
water resources (refer to 
Section 3.3). 
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TABLE 5-2 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER,  
UST SITE 43402, MCB CAMP PENDLETON 

General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

Active 
Remediation 

In situ chemical 
treatment. 

Chemical oxidation: 
Introduce a chemical 
oxidant into the 
saturated zone either to 
destroy or degrade 
contaminants. 

Moderate to high: Technology 
has been shown to remediate 
hydrocarbons in groundwater. 
The oxidants used are readily 
available, and treatment time is 
usually measured in months as 
opposed to years. 

Difficult: Impacted 
saturated soils have 
low permeability. Also, 
this technology is not 
recommended near 
underground utilities due 
to exothermic reactions 
generated. 

Moderate to high: 
Potentially extensive 
drilling (due to low 
permeability soils) and 
monitoring activities 
would increase costs. 

Eliminated: The effort 
and costs are not 
justified based on the 
low potential for adverse 
impacts from the site to 
sensitive receptors or 
nearby water resources 
(refer to Section 3.3). 

Active 
Remediation 

Ex situ pump and 
treat. 

Groundwater extraction 
coupled with 
adsorption/destruction 
processes such as air 
stripping, or granular 
activated carbon, and 
reintroduction of treated 
water back into the 
aquifer. 

Low: Readily capable of 
removing contaminants from 
extracted water. However, 
hydrocarbon compounds typically 
adsorb strongly to soil particles, 
necessitating system operation 
over an extensive period of time, 
and disproportionately large 
groundwater extraction volumes. 

Moderate: Ex situ pump 
and treat is a 
conventional and 
established technology; 
however, several 
extraction wells would 
likely be required, based 
on the low permeability 
of the aquifer material. 

Very high: High capital 
and O&M costs. 
Involves system 
operation over a 
potentially long period 
of time, transport of 
waste off site and 
associated permitting. 

Eliminated: Low 
effectiveness and very 
high cost eliminates 
pump and treat as a 
feasible option. 

Notes: 

EPA – U.S. Environmental Protection Agency 
MCB – Marine Corps Base 
O&M – operation and maintenance 
ORC – Oxygen Release Compound 
UST – Underground Storage Tank 

050126 Table 5-2.doc  Final Corrective Action Plan 
UST Site 43402 

 MCB Camp Pendleton 
DCN: SES-TECH-05-0126 

CTO No. 0004, Revision 1, 09/26/05 



Page 1 of 1 

TABLE 4-1 

PROPOSED CLEANUP OBJECTIVES FOR CONTAMINANTS,  
UST SITE 43402, MCB CAMP PENDLETON 
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Constituent Groundwater Soil 

TPH-d 100 μg/L(a) SPLP<Groundwater Objective 

Benzene 1.0 μg/L(b) SPLP<Groundwater Objective 

Toluene 150 μg/L(b) SPLP<Groundwater Objective 

Ethylbenzene 680 μg/L(b) SPLP<Groundwater Objective 

Total Xylenes 1,750 μg/L(b) SPLP<Groundwater Objective 

Benzo[a]pyrene 0.2 μg/L(b) SPLP<Groundwater Objective 

Phenanthrene 1.0 μg/L(b) SPLP<Groundwater Objective 

Notes: 

(a) Secondary taste and odor threshold 
(b) Maximum Contaminant Levels 

μg/L − micrograms per liter 
MCB − Marine Corps Base 
SPLP − Synthetic Precipitation Leaching Procedure 
TPH-d − total petroleum hydrocarbons quantified as diesel 
UST – Underground Storage Tank 
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Biovent Pilot Test Report
UST Site 43402 MCB Camp Pendleton
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Figure 3-1 
Respiratory Gas and Dissolved Oxygen Levels 
for Biosparging Test and Respirometry Test I
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Figure 3-2
Respiratory Gas Levels for Respirometry Test II
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Figure 3-3
Respiratory Gas Levels for Respirometry Test III
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Figure 3-4
VOC Concentration-Oxygenation Correlation
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Figure 3-5
CO2 Production Rates During Extended 

Bioventing Test
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Figure 3-6 
O2 Utilization Rates

During Extended Bioventing Test

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

25-Dec 14-Jan 3-Feb 23-Feb 14-Mar 3-Apr

-O
2%

/d
ay

BV-1 O2
BV-2 O2
BV-3 O2
MW-5 O2
Linear (BV-2 O2)
Linear (BV-3 O2)
Linear (BV-1 O2)
Linear (MW-5 O2)

















































































































 

APPENDIX B 

NATURAL ATTENUATION MODELING 

05-0126 Final Rev 1 CAP .doc  Final Corrective Action Plan 
UST Site 43402, MCB Camp Pendleton 

DCN: SES-TECH-05-0126 
CTO No. 0004, Revision 1, 09/26/05 





































 

APPENDIX C 

VERIFICATION SOIL BORING PERMIT,  
AND LABORATORY ANALYTICAL REPORTS 
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